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A curved state and other stales of a wiring harness 
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erence layout data displayed as a background image. 
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duced, an operation efficiency can be considerably im- 
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Description 



[0001] The present invention relates to a three-dimensional (3D) virtual assembling method, computer program and 
system in which a control means displays a 3D design data of a wiring harness in a virtual 3D space displayed on a 
5 display means based on a data inputted by a data input means and also to a related technique. Furthermore, the 
present invention relates to a wiring harness designing method, computer program and system for designing a wiring 
harness by displaying a three-dimensional (3D) design data of the wiring harness in a virtual 3D space displayed on 
a display means. 

[0002] Generally, wiring harnesses are used as electric wiring in automotive vehicles and electric appliances. Upon 
to producing a wiring harness, after a 3D wiring design of the wiring harness for an automotive vehicle, an electrical 
appliance or like wire layout object in which wires are to be laid is made based on mount positions of various parts in 
the wire layout object and the like, the wiring harness is drafted on a two-dimensional (2D) drawing sheet based on a 
result of the 3D wiring design. In accordance with the design of the drafted wiring harness, a plurality of supporting jigs 
2 are mounted on a assembling board t as shown in FIG. 14, a plurality of wires are supported by the supporting jigs 
2 while being bundled, and a wiring harness 3 is produced, for example, by tightening the bundled wires by resin tapes. 
[0003] In the case of evaluating a degree of perfection of the thus produced wiring harness 3 in view of the drafted 
design, 2D drawings of a product of an object and the wiring harness are generated and outputted by means of a 
design assisting system such as a CAD and a designer checks these drawings and points out problems. 
[0004] As an alternative, a trial product of the wiring harness 3 is produced and is actually laid in a wire layout object 
such as an automotive vehicle as shown in FIG. 15 or an electric appliance, and whether or not the design of the wiring 
harness is proper Is Investigated by checking whether or not the trial product of the wiring harness 3 can be properiv 
laid in the wire layout object 4. 

[0005] Identified by 5 in FIGS. 1 4 and 1 5 are connectors to be connected with various parts. 
[0006] The above method according to which the designer estimates the problems by looking at the drawings has 
a problem that an estimation standard differs depending on the skill of the designer and it is difficult to establish a 
uniform estimation standard. 

[0007] Contrary to this, the latter method according to which the trial product 3 Is actually produced and laid In the 
wire layout object 4 Is advantageous in satisfactorily pointing out the three-dimensional problems. 
[0008] However, a wiring harness assembling process generally mostly depends on manual operations and, accord- 
ingly, the production of the trial product requires a labor-intensive operation, resulting in huge labor and time to be spent. 
[0009] In the case of an occurrence of any problem such as Insufficient dimensions and exertion of an unnatural load 
at a mount angle when the trial product is mounted in the wire layout object, the design of the wiring harness and the 
production of the trial product have to be redone many times. Thus, quite a large amount of labor and time take in 
investigating whether or not the designed wiring harness can be properly laid (wire layout investigation). As a result, 
a period of devetopment up to the completion of the design disadvantageous^ takes longer. 
[0010) As mentioned, in the development of a novel wiring harness, a trial product is produced after a trial design is 
made, and the content of the trial design is evaluated to point out problems, which are then solved for an Improved 
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[0011] Ra23isaftowc^showingacof^ Conventionally, as 

shown in FIG. 23, a preliminary drawing is drafted to determine a summary of an object in which a wiring harness is 
to be used In Step Tt, and operations at a design and development stage are performed in Step T2. 
[00121 Usuaily trial products are actually p^ 

development stage. At this tome, ail parts necessary to produce an actual wiring harness 

2 are arranged on an assembling table required for the production as shown in FIG. 15, and a skilled worker or a 
research engineer assembles an actual wiring harness 3 as a trial product 

[0013] During the assembling operation, whether or not the contents of the design hold Is confirmed in view of an 
error in the design rule of the wiring harness 3, the possibility of human errors, and the presence of a mutual hardware 
interference of the assisting jigs 2, etc; and difficulties during the assembling operation, factors hindering an improved 
productivity and factors hindering an improved quality are pointed out; and a corrected and improved plan is studied 
and determined to remove such hindering factors. After the results of investigating the trial product are reflected on 
the contents of the trial product design, a production preparation stage is entered in Step T4 and a mass production 
stage is entered in Step 75. 

[0014] Conventionally, in Step T3, the actual (trial) product Is assembled; the productivity- and quality-related hin- 
dering factors at the trial production stage are pointed out; an improvement requirement is presented to a client or an 
internal designing department so that the result of the investigation can be reflected on a next trial production. Thus, 
a large number of operation steps and a longer time (about t month) are required to complete and evaluate one trial 
product 

[0015] However, with a growing demand from the client to shorten a development period, it has become impossible 
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to secure a sufficient time and a sufficient number of operation steps to produce an actual trial product and evaluate 
it in detail, leading to a delayed trial production process and a reduction in inspection precision. This results in problems 
being carried over to a next trial production process or a reduction in productivity and quality at the mass production 

ctorto 
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[0016J Moreover, at a trial production stage of a wiring harness, research engineers play a key role to design various 
operation steps toward a mass production. At the trial production stage, actual trial products are produced and oper- 
ations are inspected, particularly placing great importance on an improvement in assembling of the wiring harness by 
human hands. Trials and errors are made to point out operations which are difficult and/or have low operability for the 
consideration of an improvement plan at an early stage In order to obtain a high productivity at a mass production 
stage. Since such an improvement plan is frequently associated with an improvement in the design of the wiring har- 
ness, it is drafted with a view to giving an improvement feedback to the design at an early stage. 
[0017] As a preparation prior to the trial production, in a flow chart of FIG. 46, research engineers design drafts a 
full-size drawing in Step S202 after designing a wiring harness in Step S201 , and produce and study a production 
planning information such as an initial schedule and the number of harnesses planed to be produced, a producing 
factory information including the type of existing facilities, manufacturing system standards and producing abilities at 
factory facilities while looking at the full-size drawing. Thereafter, separate designing of first subassemblies is drafted 
In Step S204, and a specific mass production line is designed in Step S205. 

P>0ia| As shown in FIG. 47, the subassemblies (subassemblies 1 , 2, ...n in FIG. 48) separately designed in Step 
S204 are intermediate products produced at an Intermediate stage as small-size components of a wiring harness 2 
(final harness product in FIG. 48). The wiring harnesses 2 are normally designed for the respective sections of auto- 
motive vehicles such as engines and doors, and mass-produced. The final product of the wiring harness 2 as an 
assembly of these sections is an aggregate of a plurality of kinds of parts including wires (e.g. 100 to 150 wires), 
covering parts (e.g. dozens to several hundred covering parts) such as protectors, covers and tapes, and these wires 
and the covering parts are cut and connected (arrow 4). In order to efficiently assemble the plurality of these parts 3, 
a method is adopted according to which a plurality of small-size minor harnesses are produced beforehand by a speo- 



and combined on a harness assembling table. A plurality of these small-size minor harnesses are referred to as sub- 
assemblies 1 . It should be noted that wires 7 and parts 8 which are not included in the subassemblies 1 in FIGS. 47 
and 48 are independent parts 9 which are independently connected separately from the subassemblies 1 to form the 

30 wiring harness (final harness product) 2. 

[04H9] A procedure of the separate designing of the subassembly in Step S204 is summarily shown in FIG. 49. After 
a harness design information is obtained from a production designing system (HIS) as a software program of a computer 
In Step S211 , wires and connectors forming the wiring harness are outputted while being converted into a matrix table 
as shown in FIG. 50 based on the harness design information in Step S212. An operation of grouping and sampling 

35 fonns (aggregates) stjch as a siibassen^ 

(Step S213) is repeated while the outputted matotabte is b«r^ 

repeated tor opttnization in consideration of matters that require attention such as whether or not the subassemblies 
have sizes easy to handle by workers, whether cvntf a terminal 
trre wire laying operattonca^ 
4° operations are ended. 

[0020] However, since such operation 

table (see Sep S21 2) on paper, the result of the designing needs to be verified using an actual product 
PJ021J When the separate designing of 

parts 3 are actually prepared as shown in FIG. 47 and the subassemblies 1 are actuaJJy produced. Further, a harness 
45 assemWirigtabteusedtoasserr^ 

full-size design (see Step S202 in FIG. 46) to investigate an assembling operation. This harness assembling table is 
usually called •drawing board* because U-shaped holding jigs are generally arranged on the full-size drawing adhered 
to the upper surface of the table to arrange a wiring harness. 

[00221 At this time, an order of using the respective subassemblies t and an assembling procedure on the harness 
so assembling table are determined beforehand in accordance with an I E (industrial engineering) based theory; an as- 
sembfing operation is performed byarese^ 

procedure; and operability is inspected and improved, placing great importance on matters to be investigated in terms 
of a wire laying operability and an operation procedure as listed in TABLE-1 below. 
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TABLE-1 



MATTERS TO BE INVESTIGATED 


CONFIRMATION POINTS 


REMEDIES [ 


Wire Laying Operability 


- Anv unnecessary nn^ratinn whon 
an operator handles subassemblies 


llal/A r I ill n n n n mn L IT — ■ ■ 1 

Maxe subassemblies smaller or H 
change the forms thereof to increase 
a first insertion rate 


- Subassemblies can be smoothly 
laid in one direction (from left side to 
right side on board) 


Correct the designs of the 
subassemblies to conform to a layout 
of the board 


- Many overlapping wire laying 
operations 


Reconsider and optimize the forms of 
all the subassemblies 


Operation procedure 


- Any unnecessary operation j 
between operation steps 


Reconsider and change the operation 
procedure 
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[0023] Here, confirmation points concerning the wire laying operability include whether or not there is any unneces- 
sary operation while a worker is handling the subassemblies 1 , whether or not the wires can be laid in one direction, 
i.e. in a direction from left side toward right side on the harness assembling table, and whether or not there are many 
overlapping wire laying operations. Further, concerning the operation procedure, investigation is made as to whether 
there is any unnecessary operation between the operation steps. Remedies for the found-out problems shown in the 
column of "Remedies'' in TABLE-1 are studied 

[0024] By repeatedly producing actual trial products in this way, improvements can be made toward a better opera- 
WBty at the trial production stage, thereby enhancing a degree of perfection in designing the operation steps. The 
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by design changes. A design changing plan is immediately put into shape and a feedback is given to the designing 
department for improvements. 

[0025] After the aforemerrtkmed process is securely carried out to prepare an production environment for actual 
products, actual products are assembled and productivity- and quality-related hindering factors at the trial production 
stage are pointed out and, then, an improvement requirement is presented to a client or an internal designing depart- 
ment so that the result of the investigation cm 

steps and a longer time (about 1 month) are required to complete and evaluate one trial product 

[0026] However, sirw a phiratitv in detail 

despfteap^owirtg demand from tte impossible to secure 

a sufficient time arid a sufft^ leading to a delayed trial prod 

areductfcwintospecttonp 

reduction in productivity and quaiity at the mass production stage. 

[Q027] Accordingly, an object of the present invention is to enable an effidetrt wire layout invest by virtually 
imrestigating a wire layout corrforming to a result of designing upon designing a wiring harness. 
[00281 This object is solved according to the features of me hidepe 
invention are subject of the dependent datms. 
[0029] Aa^ngtothe invents 

for displaying a 3D design data of a wiring haniessfo a virtual 

control means based on a data inputted by a data input means, comprising: 

adatoirtputtingorreti^ 

in the form of a reference layout data representing a 3D layout of the wiring harness in a specified wire layout 
object by means of the data input means or a specified data input means, and inputting or retrieving or obtaining 
the 3D design data representing a 3D layotrt of a wiring harness 

a reference layout data image displaying step of displaying or computing or determining an image represented by* 
the reference layout data as a background image In the virtual 3D space, 

a 3D design data displaying step of displaying the 3D design data while superimposing it on the background image, 
and 

a 3D design data deforming step of displaying the shape of the wiring harness represented by the 3D design data 
while changing it according to an input made by the data input means. 



[0030] Accordingly, when designing the wiring harness, an efficient wire layout investigation can be made by virtually 
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investigating the wire layout confirming to the result of the design without actually producing a trial product. 

[0031] Thus, as compared to the prior art methods, time and labor taken for designing can be considerably reduced, 

thereby remarkably shortening a period of development up to the completion of the design. 

[00321 According to a preferred embodiment of the invention, the 3D design data is generated by adding coordinates 
of a normal direction to a primary plane of a assembling board used during the production of the wiring harness to a 
20 data which is a 2D representation along the primary plane. 

[0033] Preferably, the 3D design data is divided into a plurality of wire segments and includes at least a vector 
information on the coordinates of the respective wire segments. 

[0034] Accordingly, since the curved state and other state of the wiring harness can be subjected e.g. to a polygon 
processing and displayed by dividing the wiring harness into wire segments, an operation load of the control means 
can be reduced as compared to a case of performing an operation assuming a actually curved state as a physical data. 
[0035] Further preferably, upon changing the shape of the wiring harness, the vector information of each concerned 
wire segment is changed assuming that center axes of the adjacent wire segments are substantially continuous. 
P»3q Further preferably, a data on a phase difference or angular relationship to the adjacent wire segments is given 
to each wire segment. 

[0037] Accordingly, the continuous state of the wire segments can be maintained even after the deformation in the 
case that the wiring harness is divided into a plurality of wire segments. Thus, a processing can be performed to deform 
the wiring harness in such a manner approximate to an actual curved state of the wiring harness. 
[0038] Still further preferably, a surface line which preferably is a straight line substantially in parallel with a center 
axis, is virtually drawn on the outer dncajmferential surface of the wiring harness before changing the shape of the 
wiring harness, and the surface line is displayed on the display means while being twisted according to a twisted angle 
of the wiring harness. 

[0039] Accordingly, since the data on the phase difference between the adjacent wire segments is given to each wire 
segment, whether or not there is any unnatural twist can be easily visually confirmed or (automatically) determined by 
displaying a change in this phase difference on the display means. 

[0040] Most preferably, in the case that part of the wiring harness is covered by an covering part, a 3D design data 
of the covering part is used for each of the corresponding wire segments instead of the 3D design data of the wire 
segments. 

[0041 ] Accordingly, in the case that part of the wiring harness is covered by the covering part, the 3D design data of 
the covering part is used for each of the corresponding wire segments instead of the 3D design data of the wire seg- 
ments. Thus, the 3D shape of the wiring harness can be represented like a real wiring harness. 
[0042] According to the invention, there is further provided a 3D virtual assembling method or wiring harness layout 
method for use In designing a wiring harness, in particular according to the invention or an embodiment thereof, com- 
prising the steps of: 

an input means for receiving or retrieving or obtaining an input, 

at least temporarily storing a harness design data which is a 3D des^ data of at 

in a storage means, and 

displaying the harness design data stored in the storage means in a virtual 3D space on a display means and, if 
the harness design data is partly ch^ 

design data related to a content of the change and reflecting a correction result on display contents of the display 
means and stored contents of the storage means. 

[0043] Accordingly, when the designer parity changes the harness design data via the input means, the section of 
the harness design data related to the content of the change is automatically corrected and the correction result is 
automatically reflected on the display contents of the display means and the stored contents of the storage means. 
Thus, it is not necessary for the designer to and the form of 

the harness design data after the change can be immediately confirmed. As a result, the wiring harness can be more 
efficiently designed. 

[0044] According to a preferred embodiment of the invention, the method further comprises the step of: 

storing a board design data which is a 3D design data of an assembling board corresponding to the harness design 
data in the storage means, 

wherein the harness design data and the board design data are displayed in the virtual 3D space while setting 
the harness design data on the board design data and, if the harness design data is partly changed by an input made 
via the input means, corrects a section of the harness design data and/or a section of the board design data related 
to a content of the change and reflects correction results on the display contents of the display means and the stored 
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contents of the storage means. 

[0045] Preferably, the board design data includes an assisting jig data corresponding to assisting jigs for holding the 
wiring harness on the assembling board, and 

if the length or path shape of a section of the harness design data is changed, a correction is made by moving 
the coordinates in the virtual 3D space of an end section of the harness design data located more toward a correspond- 
ing end than the changed section when viewed from a reference portion as a reference of the harness design data 
and the coordinates of the assisting jig data included in the board design data and corresponding to the end section 
of the harness design data according to an amount of the change in the length of the changed section and/or according 
to a changed content of the path shape. 

[0046] According to the invention, there is further provided computer program product comprising a computer read- 
able medium, having thereon computer program code means, when said program is loaded, to make the computer 
execute a 3D virtual assembling method according to the invention or an embodiment thereof; in other words, it provides 
a program for causing a computer to carry out the respective steps of the 3D virtual assembling method according to 
the invention or an embodiment thereof in order to implement the 3D virtual assembling method in the computer. 
[00471 Furthermore, the invention provides a computer-readable storage medium storing thereon a computer pro- 
gram, which comprises computer-readable program means for causing a computer to control an execution of a wiring 
harness designing method according to the invention or an embodiment thereof. 

[0048] According to the invention, there is further provided a 3D virtual assembling system or wiring harness layout 
system, in particular implementing the method according to the invention or an embodiment thereof, for displaying a 
3D design data of a wiring harness in a virtual 3D space on a display means by means of a control means based on 
a data inputted by a data input means, wherein: 

a) the data input or retrieving means is adapted to input or retrieve 

- a data representing the shape of the wiring harness in the form of a reference layout data representing a 3D 
layout of the wiring harness in a specified wire layout object, and 

- a 3D design data representing a 3D layout of a wiring harness designed for production, 

b) the cfisptay means is caused by the control means to display 

- a reference layout data Image being an image represented by the reference layout data as a background 
image in the virtual 3D space, 

- the 3D design data white superimposing it on the background image, and 

- the shape of the wiring harness represented by the 3D design data while changing it according to an input 
made by the data input means. 

[0048] According to a preferred embodiment of the invention, the 3D design data is at least partly divided into a 

plurality of wire segrnentsaitd includes at least a v^ 

[00501 Preferably, upon changing tr« shape erf the wiring h^ 

segment is changed assuming that center axes of the adjacent wire segments are substantiaJly continuous. 
[0051) According to the invention, there is stffl further provided a wiring harness designing system or wiring harness 
layout system, in particular according to the invention or an embodiment thereof, which is a 3D virtual assembling 
system used in designing a wiring harness, comprising: 

an input or retrieving means for receiving an input or for retrieving data, 
a storage means for at least terr*»rarfly stormg a harness 
of the wiring harness, 
a cfisptay means, and 

a control means for displaying the harness design data stored in the storage means in a virtual 3D space displayed 
on the cfispiay means and, if the harness design data is partly changed by an Input made via the input means, 
correcting a section of the harness design data related to a content of the change and reflecting a correction result 
on display contents of the display means and stored contents erf the storage means. 

[0052] Accordingly, when the designer partly changes the harness design data via the input means, the section of 
the harness design data related to the content of the change is automatically corrected and the correction result is 
automatically reflected on the display contents of the display means and the stored contents of the storage means. 
Thus, it is not necessary for the designer to correct all the data related to the content of the change, and the form of 
the harness design data after the change can be immediately confirmed. As a result, the wiring harness can be more 
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efficiently designed. 

[0053] According to a preferred embodiment of the invention, the storage means further stores a board design data 
which is a 3D design data of an assembling board corresponding to the harness design data, and the control means 
displays the harness design data and the board design data in the virtual 3D space while setting the harness design 
data on the board design data and, if the harness design data is partly changed by an Input made via the input means, 
corrects a section of the harness design data anoVor a section of the board design data related to a content of the 
change and reflects correction results on the display contents of the display means and the stored contents of the 
storage means. 

[0054J Accordingly, when the harness design data is changed, the wiring harness designing system automatically 
corrects the section of the harness design data and the section of the board design data related to the content of the 
change. 

[0055] Preferably, if the length or path shape of a section of the harness design data is changed, the control means 
makes a correction by moving the coordinates in the virtual 3D space of an end section of the harness design data 
located more toward a corresponding end than the changed section when viewed from a reference portion as a refer- 
ence of the harness design data according to an amount of the change in the length of the changed section and/or 
according to a changed content of the path shape without changing the 3D shape of the end section. 
[0056] Thus, if the length or path shape of the section of the harness design data is changed, a correction is auto- 
matically made by moving the coordinates in the virtual 3D space of the end section of the harness design data located 
more toward the corresponding end than the changed section when viewed from the reference portion of the harness 
design data according to the amount of the change in the length of the changed section or the changed content of the 
path shape without changing the 3D shape of the end section. 

[0057] Further preferably, the board design data includes an assisting jig data corresponding to assisting jigs for 
holding the wiring harness on the assembling board and, if the length or path shape of a section of the harness design 
data is changed, the control means makes a correction by moving the coordinates in the virtual 3D space of an end 
section of the harness design data located more toward a corresponding end than the changed section when viewed 
from a reference portion as a reference of the harness design data and the coordinates of the assisting jig data included 
in the board design data and corresponding to the end section of the harness design data according to an amount of 
the change in the length of the changed section and/or according to a changed content of the path shape. 
[0058] Thus, If the length or path shape of the section of the harness design data is changed, a correction is auto- 
maticaJly made by moving the coortfinates in the virtual 3D space of the end section of the harness design data located 
more toward the corresponcfi ng end than the cfianged section when viewed from me 

design data and the coordinates of the assisting £g data included in the board design data and corresponding to the 
end sei^on of the harness design date accord 
thechanged content or the path shape. 

[0059] Further, the harness design data preferably todudes an acces 

ed on wires forming the wiring harness and, if the accessory data included in the harness design data is changed, the 
control means corrects the assisting Jig data included in the board design data and related to the accessory data 
[0060] Accenting!* if the accessory data included in the harnesses 
eluded in the board design data and related to the accessory dala is automatical 
[0061] Preferably, the storage m^^ 

and related to each other and, iff any one c* the pjiiraffly of harness 

changed by an input made via the input device, the control means corrects a section of the changed harness design 
date related to a content of the change, r^ 

the stored contents of the storage means, and reflects the content of the change on the others) of the plurality of 
harness design data related to the changed harness design data, 
[0063] Accorrfngry. ifariyon^ 
maote via trie toputmeaj^ 

automatically corrected, and the content of the change made in the changed harness design data is automatically 
reflected on the other harness design data related to the changed harness design data. Thus, the plurality of related 
harness design date can be easily changed at once. 
[0063] Further, since the plurality of related harness oteip^d 

the harness design data is partly changed by the designer, the corresponding sections of the other harness design 
data can be easily automatically changed and the data administration such as data renewal (including corrections) and 
oeletion car) also be easily performed. 

[0064] Further, a main part of the harness design data representing a wire path is preferably formed by connecting 
a plurality of joints along the wire path. 

[0065] Accordingly, since the main part of the harness design data is formed by connecting a plurality of joints along 
the wire path, the length of a specific section of the main part or the wire path can be easily changed by increasing or 
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decreasing the number of the joints in this specific section or increasing or decreasing the length of the joints in this 
specific section. 

[0066] According to the invention, there is further provided a wiring harness designing method or wiring harness 
layout method, in particular implementing the invention or an embodiment thereof, for designing a wiring harness using 
a wiring harness designing system provided with an input means, a storage means and a display means comprising 
the steps of: 

three-dimensionally deforming or modifying a 3D design data of a wiring harness displayed in the a virtual 3D 
space displayed by the display means by inputting or retrieving an instruction via the input or retrieving means, 
thereby generating a plurality of 3D design data of different 3D shapes, 

at least temporarily storing the generated plurality of 3D design data in the storage means while forming them into 
a database, and 

selecting any one of the plurality of 3D design data stored in the storage means by an instruction inputted via the 
input means and displaying the same in the virtual 3D space via the display means. 

[0067] Accordingly, a plurality of 3D design data of different 3D shapes generated by three-dimensionalry deforming 
one kind of 3D design data of the wiring harness in the virtual 3D space are stored in the storage means while being 
formed into the database, and any one of the plurality of 3D design data is selected and displayed in the virtual 3D 
space via the display means. Thus, the 3D design data displayed in the virtual 3D space can be easily switched to the 
other 3D design data. Therefore, the contents of the design can be inspected while switching the 3D design data 
displayed in the virtual 3D space, thereby making the wiring harness designing operation and the like more efficient. 
[0068] According to a preferred embodiment of the invention, the plurality of 3D design data at least temporarily 
stored in the storage means have a common data configuration and are related to each other and, if any one of the 
plurality of 3D design data stored in the storage means is partly changed by an instruction inputted via the input means, 
a content of the change made in the changed 3D design data is reflected on the other 3D design data related to the 
changed 3D design data. 

[0069] Accordingly, if any one of the plurality of 3D design data which are stored while being related to each other 
is partly changed by an instruction inputted or retrieved via the input or retrieving means, the content of the change 
made in the changed 3D design data is automatically reflected on the other 3D design data related to the changed 3D 
design data. Thus, the plurality of related 3D design data can be easily changed at once. Therefore, how a partial 
change made in one of the 3D design data displayed on the display means has changed (automatically changed) the 
other 3D design data can be easily confirmed by switching the 3D design data displayed on the display means, and 
the contents of the designs of the 3D design data can be more effWentty 

[0070] Further, since the plurality of related 3D design data have the common data configuration, if any one of them 
is partly changed by the design^ 

and data acfrrontetratkm such as renewal of data (inducting corrections) and deletion can be easily performed. 
POTIJ Further, the plurality of 3D oeslgn data at least tempor^^ 

basic 3D ctesicp date developed to harness set 

on an assembling board, and a 3D design data representing a layout of the wiring harness in a vehicle body which 
data is generated by three-dtmensionally deforming the basic 3D design data in the virtuaJ 3D space and is three- 
(fimensionaiy detained in the virtual 3D space so as to conform to a form of tte 

[W72| Accorctingr^ the basic 3D design dated attain various improvements 

for better productivity ami quafrty of the wiring ta 
whether or not the assembfing opera 

suitably used to inspect the layout of the wiring harness in the vehicle body. Thus, the designing operation can be 
made even more efflriert by m 

virtiffll 3D space between the basic3D design date and the 3D des^ date representing the layrn^ 
[0073] Preferably, the plurality of 3D design date at least temporarily stored in the storage means further include at 
least one 3D design date of an intermediate shape created during a shape transitioning process when the 3D design 
data representing the layout in the vehicle body is generated by deforming the basic 3D design date; and the basic 3D 
design date, the at least one 3D date of the intermediate shape and the 3D desi^ 

vehicle body are successively switched and ctisptayed in the virtual 3D space via the display means in an c>rder corre- 
sponding to the shape transitioning process. 

[0074] Accordingly, since the plurality of 3D design data generated during the shape transitioning process of the 3D 
design data are successively switched and displayed in the virtual 3D space via the display means in the order corre- 
sponding to the shape transitioning process, an operation of laying the wiring harness in the vehicle body can be 
inspected and demonstrated by the 3D design date switchingly displayed in this order. 

[0075] Further, a mam part of the 3D design date representing a wire path is preferably formed by connecting a 
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plurality of joints along the wire path. 

[0076] Accordingly, since the main part of each 3D design data corresponding to the wire path is formed by connecting 
a plurality of joints along the wire path, the length of a specific section of the main part or the wire path can be easily 
changed by increasing or decreasing the number of the joints in this specific section or increasing or decreasing the 
length of the joints in this specific section. 

[0077] According to the invention, there is further provided a computer-readable storage medium storing thereon a 

computer program, which comprises computer-readable program means for causing a computer to control an execution 

of a wiring harness designing method according to the invention or an embodiment thereof. 

[0078] According to the invention, there is still further provided a computer program product comprising a computer 

readable medium, having thereon computer program code means, when said program is loaded, to make the computer 

execute a wiring harness designing method according to the invention or an embodiment thereof. 

[0079] According to the invention, there Is still further provided a wiring harness designing system or wiring harness 

layout method, in particolar for use with a wiring harness designing system according to the invention or an embodiment 

thereof, for designing a wiring harness having an input or retrieving means, a storage means, a display means and a 

control means, 

wherein the control means causes 

- the display means to display mree-dimensionally deforming a 3D design data of a wiring harness displayed in the 
a virtual 3D space by inputting or retrieving an instruction via the input or retrieving means, thereby generating a 
plurality of 3D design data of different 3D shapes, and 

- the storage means to at least temporarily store the generated plurality of 3D design data while forming them Into 
a database, and 

wherein any one of the plurality of 3D design data stored in the storage means is selected by an instruction 
inputted via the input means and displaying the same in the virtual 3D space via the display means. 
[0080] According to a preferred embodiment of the invention, the plurality of 3D design data stored in the storage 
means have a common data configuration and are related to each other, and 

if any one of the plurality of 3D design data stored in the storage means is partly changed by an instruction 
inputted via the input means, a content of the change made in the changed 3D design data is reflected on the other 
3D design data related to the changed 3D design data. 

[0081] Preferably, the plurality of 3D design data at least temporarily stored in the storage means include: 

a basic 3D design data developed in a plane in the vin^ 3D space so as to conform to a to 
set on an assembling board, and 

a 3D design data representing a layout of the wiring harness in a vehide body which o^ 

dimensJonally deforming the basic 3D desio^ o^ in the virtual 3D spa^ 

the virtual 3D space so as to conform harness laid in the vehicle body. 

[0082] These and other otje ^ feature s and adv^^ 

reading of the following detailed description of preferred embodiments and accompanying drawings. It should be un- 
derstood that even though embodiments are separately described, single features thereof may be combined to add^ 
tfonatembodfrnentSt 

FIG 1 ts a Wocktiacjam shewing ah virtual assembling system or wiring harness 

designing system according to one preferred embocfiment of the Inverttjon, 

FIG. 2 is a ftow chart showing a 3D virtual assembling method according to one embodiment of the invention, 
FIG> 3 is a diagram showing an image represented by a 2D data, 
FIG. 4 is a diagram showing a wire model in a 3D space, 

FIG. 5 is a diagram showing a state where a wire is divided into a plurality of wire segments, 
FIG. 6 is a graph showing a vector information of the wire segment, 

FIG. 7 is a diagram showing a state where two wire segments are continuously connected with each other, 
FIG. 8 is a graph showing a curved state of the wire, 

FIG. 9 is a diagram showing a state where covering part segments are used instead of the wire segments, 
FIG 10 is a diagram showing a state where surface lines are drawn on the outer circumferential surfaces of the 
respective wire segments, 

FIG 11 is a diagram showing a state where the wire is twisted with the surface lines drawn on the outer circum- 
ferentiai surfaces of the respective wire segments, 

FIG 12 is a diagram showing a case where the wire is found out to be excessively long, 
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FIG. 13 is a diagram showing a case where a branch wire is found out to be drawn out in an opposite direction, 
FIG. 14 is a diagram showing an operation of producing a wiring harness on a assembling board, 
FIG. 15 is a diagram virtually showing a state where a wiring harness is laid in a three-dimensional manner in a 
wire layout object. 

FIG. 16 is a flow chart showing a method for designing a wiring harness assembling table according to one em- 
bodiment of the invention, 

FIG. 17 is a diagram showing a wiring harness, accessories and assisting jigs in a 2D plane, 

FIG. 18 is a diagram showing a 3D shape of a wiring harness developed in a 3D space, 

FIG. 19 is a perspective diagram showing the 3D shape of a connector as an accessory, 

FIG. 20 is a diagram showing a 3D shape developed in the 3D space in which accessories are connected with the 

wiring harness, 

FIG. 21 is a diagram showing a state where an assembling table and assisting jigs are displayed together, 

FIG. 22 is a flow chart showing an overall designing flow of an object to which the wiring harness assembling table 

designing method according to the embodiment of the invention is applied, 

FIG. 23 is a flow chart showing an overall conventional designing flow of an application object, 

FIG. 24 is a flow chart showing a summary of a method for designing a wiring harness according to one embodiment 

of the invention, 

FIG. 25 is a diagram showing a retrieval tree structure showing a subassembly information, 

FIG. 26 is a diagram showing a relationship between a subassembly assembling procedure information and other 

d ataba ses, 

RG. 27 is a diagram showing a relationship between an on-the-board assembling procedure information and the 
other databases, 

FIG. 28 is a diagram showing an exemplary subassembly, 
FIG. 29 is a perspective view showing a subassembly assembling sfte, 
FIG. 30 is a perspective view showing a subassembly assembling operation, 
FIG. 31 is a perspective view showing a subassembly assembling operation, 
FIG. 32 is a perspective view showing a subassembly assembling operation, 

FIG. 33 is a perspective view showing a state where subassemblies are arranged on a harness assembling table 
to form a wiring harness, 

FIG. 34 is a perspective view showing the harness assembling table, 

FIG. 35 is a perspective view showing an operation of arranging subassemblies on the harness assembling table, 
FIG. 36 is a perspective view showing the operation of arranging subassemblies on the harness assembling table 
FIG. 37 is a perspective view showingthe operation of arranging subassemblies on the harness assembling table 
RG,38isaperspectiveviewshowmgas^ 
on the harness assembling table. 

FIG. 39 is a perspective view showing the subassembly assembling operation, 
R G. 40 is a perspective vtew showing the subassembly assemb li rtg operation , 
RG. 41 is a perspective view srwwir^ 
na 42 isa perspective view sh^^ 
display, 

FIGl 49 is a diagram showing an example of the subassembly, 
FIG* 44 is a diagram showing another example erf the subassembly, 
Ra 45 isaflcw chart showing^ 

FIGL 48 is a ftow chart showing a general wiring harness designing method, 

RG. 47 is a flow diagram showing a general wiring harness producing method, 

RG. 48 is a diagram showing a construction of a wiring harness of a plurality of subassemblies, 

RG. 49 is a ftow chart showing a general subassembly designing method, 

FIG. 50 is a matrix table showing a connection relationship between wires and connectors of a subassembly, 

FIG. 51 A is a diagram of an example of the subassembly, 

FIG. 51 B is a diagram showing another example of the subassembly. 

FIG. 52 is a diagram showing a data configuration of a harness design data, 

RGw 53 is a perspective view showing a harness design cta^ 

FIG. 54 is a diagram showing a harness design data of a display mode cwrespondng a layout 

FIG. 55 is a perspective view showing a state where the length of a section of the harness design data erf FIG. 53 

is changed, 

RG. 56 Is a diagram showing a state where the length of a section of the harness design data is increased or 

decreased by Increasing or decreasing the number erf the wire segments in this section, 

FIG. 57 is a diagram showing a state where the length and path shape of a section of the harness design data of 
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FIG. 54 are changed, 

FIG. 58 is a flow chart showing a process of designing a wiring harness assembling board and a wiring harness 
by the wiring harness designing method according to a further preferred embodiment, 

FIG. 59 is a flow chart showing a virtual layout process according to the wiring harness designing method of the 
preferred embodiment, 

FIG. 60 is a diagram showing a 3D design data of a display mode developed in a plane, 

FIG. 61 is a diagram showing a 3D design data of a display mode corresponding to a layout In a vehicle body, 

FIG. 62 is a diagram showing a data configuration of the 3D design data, 

FIGS. 63(a) to 63(c) are diagrams showing 3D design data at intermediate stages of a shape transitioning process, 
FIG. 64 is a table showing a stored format of the 3D design data when being stored as a database, 
FIG. 65 is a perspective view of a harness design data according to a further preferred embodiment developed In 
a plane, 

FIG. 66 is a diagram showing an accessory data of a protector, 

FIG. 67 is a flow chart showing a process of virtually mounting a protector on a wiring harness, 

FIG. 68 Is a perspective view showing the process of virtually mounting the protector on the wiring harness, 

FIG. 69 is a perspective view showing the process of virtually mounting the protector on the wiring harness, 

FIG. 70 is a perspective view showing the process of virtually mounting the protector on the wiring harness, 

FIG. 71 is a diagram showing the process of virtually mounting the protector on the wiring harness, 

FIG. 72 is a perspective view showing the process of virtually mounting the protector on the wiring harness, 

FIG. 73 is a diagram showing the process of virtually mounting the protector on the wiring harness, 

FIG. 74 Is a diagram showing the harness design data of a form to be laid in a vehicle body, 

FIG. 75 is a diagram showing the harness design data of another form to be laid in a vehicle body and 

FIG. 76 Is a diagram showing a process of virtually connecting the wiring harness and an electrical connection box. 

[00831 A 3D virtual assembling system according to one preferred embodiment of the present Invention can detect 
incompatibte points (incompatible contents) on a designed wiring harness by generating a 3D digital data (hereinafter, 
■3D design data") representing the shape of the designed wiring harness, image-displaying a 3D digital data (herein- 
after, "reference layout data") of a wiring harness layout path in a product (wire layout object) in which the wiring harness 
Is to be mounted, and superimposing the 3D design image on the image-displayed reference layout data while posi- 
tioning the 3D design date and deforming curves and the like for a virtual comparison. 

<Overa» Construction of the 3D Virtual Assembling or Wiring Harness Designing System> 

[0084) R& 1 is a diagram showing the 3D virtual assembling system or wiring harness designing system according 
to one preferred embedment of tte 

as hardware sources, with a display otevice (display means) such 

bosnl 12 and a mouse 13, a storage device 1^ 

16indudmgaCPOandamai^ 

of an operation of trie CPU e# the cern^ 

ance with an input made by means of trie input device 14. 

[00861 Although m* shown, in 

such as a magnetic disk, CD-ROM, floppy olsk, DVD, magneto-optical disk, or the like and a communication device 
forrecervfngadatabymeanscrf 

be, for example, used as the data input means for inputting data. 

[00861 By using these hardware sources 11 to 16 in combination, operation steps of a 3D virtual assembling method 

shown inaflowchart of RG.2areor can besuccessiv^ 

by the software program stored In the storage device 15 beforehand. 



<3D virtual Assembling Method> 



[00871 The refererc* layout data is inputted to or retrieved by me computer main body 16 preferably beforehand 
[00881 Here, the reference layout data is an electronic data (3D electronic data) of a 3D layout of the wiring harness 
In a 3D space modeling the wire layout object For example, the 3D layout of the wiring harness is designed beforehand 
for a wire layout object such as an automotive vehicle or an electric appliance based on, e.g. the mount positions of 
various parts in the wire layout object; a coordinate information on the shape of the wiring harness in the 3D space at 
that time and a coordinate information of various parts to be mounted on the wiring harness are generated into a 3D 
electronic data as a 3D drawing using a design assisting software program such as a CAD; and this 3D electronic data 
is inputted to the computer main body 16 and stored in the storage device 15 (see FIG. 1). A CAD software program 
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used here may be implemented on the same equipment e.g. on the computer main body 1 6 and the data on the shape 
of the wiring harness 3 in this case may be preferably manually inputted or obtained by means of the input devices 14 
or otherwise retrieved or inputted. Alternatively, the 3D electronic data generated in the other CAD system may be 
transferred to the computer main body 1 6 via communication or a specified storage medium such as a magnetic disk 
CD-ROM , floppy disk, DVD, magneto-optical disk, or the like. 



(Step S1) 3D Design Data Inputting Step 

[00891 Here, the 3D design data is an electronic data representing coordinates of a2D electronic data used to produce 
a wiring harness on a two-dimensional assembling board 1 in the 3D space. 

[0090] First, in Step S1 of FIG. 2, after dimensions such as lengths between the branched portions of the wiring 
harness 3 and the mount positions of connectors are designed based on the above 3D drawing, the 2D drawing (plan) 
of the wiring harness 3 is generated in the form of a 2D electronic data using a design assisting software program such 
as a CAD, considering the production of the wiring harness 3 on the assembling board 1 as shown in FIG. 14, and the 
generated 2D electronic data is inputted to the computer main body 16. 

[0091] Next, in the computer main body 16, a coordinate axis (z-axis) normal to a coordinate plane of the inputted 
2D electronic data is added to or combined with the 2D electronic data, and the resulting data is stored as a 3D design 
data in the storage device 15. The 2D electronic data may be manually inputted to the computer main body 16 using 
the input devices 14. Alternatively, the 3D electronic data generated by an other CAD system may be transferred to 
the computer main body 16 via communication or a specified storage medium such as a magnetic disk, CD-ROM 
floppy disk, DVD, magneto-optical disk, or the like. 

[0092] Here, pieces of information to be inputted as the 2D data include a 2D coordinate information of nodes n01 
to n20for specifying the shape of the respective wires forming the wiring harness on the assembling board 1 as shown 
in FIG. 3, a wire link information on finks of the respective nodes n01 and n20 t and an information on diameters r01 to 
ii4 of the wires finking the nodes n01 to n20. 

[0093] Further, in order to enable realistic deformation of the respective wires of the wiring harness 3 in a 3D design 
data deforming step to be described later, each wire 21 having a center or longitudinal axis 21 a as shown In FIG. 4 Is 
divided along its longitudinal direction into a plurality of short wire segments 22 having a length "a" as shown in FIG. 
5, and the length "a* of the respective wire segments 22 is also inputted in Step S1 considering that the respective 
wires 21 are deformed with the wire segment 22 as a unit The length "a" is desirably from about 5 mm to about 15 
mm, preferably about 10 mm. The respective wire segments may be equal or different The wires 21 having a length 
L are finely divided into a plurality of short wire segments 22. 

[0094] Further, a weight data of a plurality of wires forming the wiring harness 3 is also inputted (as described later). 
This weight data is a parameter representing a degree of difficulty to deform or bend the respective wires in the 3D 
design data deforming step to be descrfoed later. The larger the value of the weight data, the more difficult to move 
the wire when deforming It Further, for a o^orrnation to curve the wire, as the value of the weight data increases, the 
wire is more likely to be curved in its entirety instead of being deformed only at a point of deformation. Such a weight 
data is empirically 

experiments and/br simulation of the deformation or bending properties or capability of the wires 21 , in particular de- 
pending on the ware's specificatjons (such as materia*, cross-section- Structure, coating, etc.). In particular, when the 
wtre2t testifier or inoren^ or rncreti 

22 is chosen to be longer while when the wire 21 s softer or easier to bend trmseg^entatk^ 
of the wire segments 22 Is chosen to be shorter. 

(Step S2) Reference Layout Data Image-Displaying Step 

[00951 In Step S2, the reference layout data inputted beforehand is plotted in a virtual 3D space to be three-dimen- 
sionally displayed on the display device 11. In this virtual 3D space (as a 2D projection on the display means 11 or as 
a 3D virtual imaging technique e.g. based on a red/green display necessitating corresponding eyeglasses), a virtual 
viewpoint can be changed, for example, in accordance with an operation of the input device t4 such as the mouse 1 3. 
[00961 This reference layout data represerts a background image when the 

as descrfoed later. In order to distinguish this data from the 3D design data, the virtual 3D display of the wiring harness 
3 speeffiedby the reference layout data is made, for example, in achromatic color. 

(Step S3) 3D Design Data Displaying Step 

[0097] Next, in Step S3, the 3D design data inputted in Step S1 is displayed on the reference layout data already 
image-displayed in Step 2 in the 3D space in a superimposed manner. 



12 



EP 1 267 284 A2 



[0098] Here, in general shape representation by the 3D design data, the individual wires 21 or the respective wire 
segments 22 of an aggregate of a plurality of wires (wire bundle) are represented, for example, using cylindrical shapes 
as shown in FIGS. 4 and 6. However, the wires 21 may be represented using other shapes, such as a shape having 
a square, rectangular, elliptic or other cross section. 

[0099] Specifically, as shown in FIG. 6, a vectors extending in adirection passing the center of a cylinder and having 
a length is defined for a data of the wire segment 22 having a length •a". The vector S can specify a single absolute 
position and a twisting degree by specifying a direction information and a length information in a 3D space defined by 
x-axts, y-axis and z-axis, and an angle of rotation information from a reference point by a twisted angle (angle of rotation 
centered on the axis of the wire) between this wire segment and the other wire segment adjacent thereto. 
[0100] The data of the individual wire segments 22 are so displayed as to be continuously connected with each other 
(continuous connection). Here, a method of continuous connection is, as shown in FIG. 7, such that the coordinates 
of end points of center axes 23a, 23b are caused substantially to coincide in the case that wire segments 22a, 22b are 
to be connected. 

[01011 The entire 3D design data is moved within the virtual 3D space using the input device 14 such as the mouse 
13 to adjust an overall positional relationship between the 3D design data and the reference layout data. Step S3 is 
preferably ended when the 3D design data is substantially adjusted (positioned) to a position considered to be desirable 
by an operator. 

(Step S4) 3D Design Data Deforming Step 

[01021 In Step S4, the operator manually deformsthe virtual shape of the wire 21 represented by the 3D design data 
using the input device 14 such as the mouse 13 so that this shape coincides with the image of the reference layout 
data displayed as a background image. 

[01031 It is not impossible to represent the flexibility of the wire segment 22 by a data using a function of a usually 
used 3D simulation system. However, because such an operation is quite cumbersome, the result of the operation 
may not necessarily reflect the operator's intention. 

[0104] Accordingly, in this 3D virtual assembling system, the following processing is performed to enable the repre- 
sentation of a flexible characteristic as intended by the operator. 

[01051 The recognition of the respective wire seejnents 22 in the computer main body 1 6 Is made by vector variables, 
i.e. vectors S (x, y, z, 0) in the 3D space as described above. A variable 0 dermtes a twisted angle betw^ 
cor^nuousw{resegrnems22a > 22basshownln Fia 8. Although vectors are shown in x,y plane by omitting z-axis in 
FIG. 8 in order to facilitate the description, the same applies to the 3D coordinate systems additionally having z-axis 
[Oioq For example, the vectors Serf five wte segments 22 have the fbl^ 

vector SI - (XI, Y1, 2,8) 
vector S2=(X2,Y2,Z, 8) 
vectorS3=fX3,Y2,Z,8) 
vector S4 = fX4,Y1,Z, 8) 
vector S5=(X5,0,Z, 8) 

PH071 Aftersettingtte vector 
special operation of tr»rnouse13cafle^ 

input device 14 such as the mouse 1^. eg. by manipulating a press button erf the mouse 13. 
[O108| Even in such a case, the corrtimious wire segmerite 22a, 2» 
acoiinectionpdrt24thereof^ 

22 is moved, it results in the representation of a curve erf the wiring harness 3 due to the continuous connection. In 
other words, if a tension k exerted on one of trie continuous wi^ 

A movement vector of the other wire segment at this time is set by a specified operational equation based on an 
empirical rule so as to deperrt on a point with the one wire segment 22. 

By such a processing, the wiring harness 3 can be deformed without losing an information on the continuity erf all the 
wires. 

[01091 However, in the case that the position of point (X5, 0) in Fia 8 is, for example, moved by means erf the input 
device 14 such as the mouse 13> an influence erf such a movement on the other connection points differ in degree. In 
other words, the connection points doser to the point moved by the input device 14 such as the mouse 13 are moved 
more than those more distant therefrom. Here, it is assumed that values erf the vectors S after the change of the 
positions of the respective connection points are as follows. 

vector S1=(X1,Y1,Z, 81) 
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vector S2 = (X2, Y2, Z, 62) 
vector S3 = (X3, Y2, Z, 03) 
vector S4 = (X4, Y1.Z.64) 
vector S5=(X5, 0, Z, 05) 

where 01 < 02<63<04<05. In this way, the curved shape of the wiring harness 3 can be represented by both the 
absolute coordinates and the twisted angles, and flexible representation such as a deflection can be freely made. It 
should be noted that a relationship of 01 to 06 (in particular reflecting the bending characteristic of the wire 21) is set 
beforehand e.g. based on an empirical rule or the like and is defined beforehand as a software program implementing 
the operations of the 3D virtual assembling system. 

[0110J For the mutual influences of the different wires in the wiring harness 3, the weight parameters representing 
difficulties of the respective wires to deform are considered. Specifically, using a specified (predetermined or prede- 
terminable) operational equation, the larger the value of the weight data of the wire, the smaller amount of movement 
is made during the deformation or the stiffer or rigid the wire 21 at least locally is. Further, concerning the curve or 
bend of the wire, as the value of the weight data of the wire increases, the wire is more likely to be moderately curved 
in its entirety instead of being deformed only at a point of deformation, in particular representing the overall stiffness 
or rigidity of the wire 21 . 

[01 1 11 Frequently, the wiring harness 3 is comprised of not only an aggregate of the wires, but also various covering 
parts (e.g. vinyl tubes, corrugate tubes, various taping, etc) 26 mounted around or on the wires 21 . Accordingly, these 
shapes of the covering parts 26 need to be represented in association with the shape data of the wires 21 . 
[0112] For example, data having the same configuration as those of the wires 21 , i.e. having pieces of information 
on the length and the diameter may be generated for the individual covering parts 26, the data of the wire segments 
22 present within ranges where the covering parts 26 are mounted are deleted and the data of the covering parts 26 
are inserted there instead or the data of the wire segments 22 is replaced by the data of the covering parte 26. The 
data on the diameters, designs and the dimensions of the covering parts 26 can be arbitrarily generated by a processing 
independent of the one for the wires 21 . Therefore, the 3D shape of the wiring harness can be represented like a real 
wiring harness. 

[01131 Although the parameter of a relative twisted angle <fr (corresponding to the above 6) about the center axis of 
each wire segment Is given In this embodiment as described above, unless the operator can recognize twisted states 
when looking at the 3D shape displayed on a screen of the display device 11 , it is difficult for him to deal with them. In 
other words, in order to effectively carry out an actual 3D simulation, It is desirable to visually represent the "twist 
characteristic" on the display device 11 . Thus, at an inffial stage of the generation of the data on the wire segment 22, 
a mark, preferably a substantially straight line, is added on the outer circumferential surface of the wire segment 22 in 
the longttudmal cfirection. This case is deserted using a 3D model of the wire 21 shown in FIG. 1 0. It is assumed that 
the twisted angle <> which is a parameter of the vectors is set at a desired fixed value. 

[01141 r%st, each wifesegment22 is displayed in cylindrical form, and a straight One (hereinafter, •surface line") is 
addedonthe outer druimferential surface of each cytindncal wire segment 22 along Its longitudinal direction separately 
frcx^ the carter axis thereof Jrrit^ 
line in each wire 21. 

[01151 Here, in the case that the twisted angles $ of ail the wire segment data are same in the wire segments 22 
continuously connected with each other, the straight lines in longitudinal direction on the outer surfaces of all the 
cylinders are represented asaco^ 

[0116| On trie other frand, if tt^twfeted angles lines drawn 

on the outer di^ 

RG. 11 according to a degree of the angular change. In other words, in the case that a certain wire segment 22 is 
twisteoX for example, due to a movemert of a branch wir^ 

to represent a twist with the twisted angle <> reduced in accordance with a specified law, preferably based o n or deter- 
mined with a relaxation method. The twist characteristic" can be visualry represented only by drawing the surface lines 
on the outer circumferential surfaces of the cylindrical wire segments 22 in this way. 

(StepSS) 

[01171 The deformation results of the 3D design data of the wires 21 are displayed on the display device 1 1 e g with 
the aid of a conventional C*D-softwaresuch as ENVISION 7 *, while being superimposed on the image of the reference 
layout data displayed as a background image, and a degree of coincidence or a degree of discrepancy of the two 
images is visually confirmed. 

[01 1SJ For example, if loosening of an image of the 3D design data with respect to an image 28 of the reference 
layout data as a background image is considerably large as shown in FIG. 12. it means that this wire is excessively long. 
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[01 1 9] Further, If a branch wire 29a of the 3D design data is drawn out from base wires 28, 29 in a direction opposite 
from the one in which a branch wire 28a of the reference layout data as a background image is drawn as shown in 
FIG. 13, a design change Is so made as to change a forming direction of the branch wire 29a with respect to the base 
wire 29. 

[01201 Other problems including excessively short lengths of the wires and excessive twists can also be easily con- 
firmed using the display result or content on the display device 11 . 

[0121 J By the above 3D virtual assembling method, when designing the wiring harness, an efficient wire layout in- 
vestigation can be made by virtually investigating the wire layout confirming to the result of designing without actually 
producing a trial product. 

[01221 Accordingly, as compared to the prior art methods, time and labor taken for designing can be considerably 
reduced, thereby remarkably shortening a period of development up to the completion of the design. 
[01231 This method is also effectivef or the actual investigation of designing since not only the coordinate information 
but also the twists of the wires 21 can be investigated. 

[01241 Accordingly, when designing the wiring harness, an efficient wire layout investigation can be made by virtually 
investigating the wire layout confirming to the result of the design without actually producing a trial product 
[01 25] Thus, as compared to the prior art methods, time and labor taken for designing can be considerably reduced 
thereby remarkably shortening a period of development up to the completion of the design. 

[01261 Moreover, since the curved state and other state of the wiring harness can be subjected to a polygon process- 
es and displayed by dividing the wiring harness into wire segments, an operation load of the control means can be 
reduced as compared to a case of performing an operation assuming a actually curved state as a physical data. 
[0127] Furthermore, the continuous state of the wire segments can be maintained even after the deformation in the 
case that the wiring harness is divided into a plurality of wire segments. Thus, a processing can be performed to deform 
the wiring harness in such a manner approximate to an actual curved state of the wiring harness. 
[01281 Further, since the data on the phase difference between the adjacent wire segments is given to each wire 
segment, whether or not there is any unnatural twist can be easily visually confirmed by displaying a change in this 
phase difference on the display means. 

[01291 Sti» further, the surface line which is a straight line in parallel with the center axis is virtually drawn on the 
outer circumferential surface of the wiring harness before changing the shape of the wiring harness, and the surface 
line is displayed on the display means while being twisted according to the twisted angle of the wiring harness. Thus, 
twists of the wiring harness can also be investigated, which is effective for the actual investigation of designing. 
[01301 Moreover, in the case that partof the wiring harriess is covert by m^ 

the covering part is used for each of trie correspondirrg wire segments ir^ead of the 3D design data of the wire seg- 
ments. Thus, the 3D shape of the wiring harnesses* be represented lite ^ 

[01311 FIG. 16 is a flow chart showing a method for designing a wiring harness assembling table according to one 

embodiment of the present invention. 

[0132] First, a diert or a design pro 

SIOIofFia 16draftsadesign*aw^gofawiringhajnessdM 

vehicle, electric appfiar^ 

for each type and for each section. This design drawir^ inciiutes an ^ 
such as electncdrcute, wires and accessories^ An information output fo^ 

an electronic irrtomtation of two^iimensionaJ «?D) or 3D coordinates and a drawing printed as a plan based on the 

electronic information. 

[01331 Subsetiuerrtlfc in Sti^SIO^ 

data format suited to a computer software program called IHS (wiring harness production designing system). 
[01341 In aepSt 04, the wiririg harness is designed on ^ 

design drawing (fulKsoe drawing) is drafted (Step StOS). This full-size drawing is a simulation corresponding to the 
wiring harness 3 on the assembling table 1 shown in FIG. 15 and is, for example, a drawing in 2D coordinate systems 
as shown in FIG. 17. This fuJMze drawing includes an iriformation on circuits 11 each of which is one wire or an 
aggregate of a plurality of wires, an irrformation of terminals such as connectors and ground terminate, an information 
on various accessories 12 induding protecting members or covering parts such as clamps, dips, tubes, taping andfor 
protectors, and an information on various dimensions and tolerances necessary for the production in a 2D space 
assuming the surface of the assembling table 1. This drawing also includes an information on various assembling 
assisting jigs (a multitude of jigs tor terminals, damping and/or branching are newly designed or selected accordina 
to application) 13 Indicated by* in FIG. 17. ~ y 

[01351 ^ Step S106; a full-size drawing design data for the full-size drawing drafted in Step S1 05 is sampled. 
[01361 Here, thefulkiize drawing design data includes an information on nodes through which the respective drcuits 
pass (node information), an iriformation on spans connecting the respective nodes (span information) and an informa- 
tion on accessories to be connected wfth some of the nodes (part information). 
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[01371 Specifically, the node information includes the numbers and coordinates of the respective nodes. 

[01381 The span information preferably includes the numbers of the nodes connected with each other, a diameter 

of the wiring harness, and the coordinates of passing points and bending points. 

[01 391 The part information includes the numbers of the nodes with which the respective accessories are connected, 
an information on the name of terminal parts or part codes, an information on the types, specifications and mounting 
directions of the parts. 

[01401 Other pieces of information Included in the full-size drawing design data preferably include a wire information, 
a circuit construction information and a circuit processing information. 

[0141] A 3D wire path data is generated based on these pieces of information using a 3D simulation system (Step Sa). 
[01421 Specifically, the 2D full-size drawing design data obtained in Step S1 08 is first received as a full-size drawing 
Information in Step S1 07. 

[0143] Then, in Step S1 08, the 3D wire path data is generated. 

[01441 The operations performed in Step S108 are described in detail with reference to FIGS. 18 to 21 . Here, it is 
assumed that the node numbers of the opposite end points of the wiring harness are node No. 1-1 and node No. 2-1 
and the node numbers of the passing points are passing point 1-a, passing point 1-b. The operations of Step S108 are 
realized by a CPU being caused to operate in accordance with a software program stored beforehand in a specified 
storage medium such as a hard disk drive in the computer. 

<1. 3D Wire Path Data Setting Step> 



[01451 the respective pieces of the span or element or segment Information are obtained. For example, the 
node numbers of the opposite end points of the span or element or segment, node No. 1 -1 , node No. 2-1 , are sampled 
as a first span information as shown in FIG. 1 fc Further, the information on the diameter of the harness at this span is 
sampled. In this case, the thickness of the wire aggregate is calculated as a wire diameter in the displayed drawing 
25 and preferably is expressed in numerical value. Further, the passing points 1-a, 1-b which need to be passed when 
the wiring harness has a bending point are obtained. The span information is similarly obtained for the remaining spans 
or elements or segments. 

[01461 After the span information is obtained for all the spans, 2D coordinates [X1 , Y1], [X2, Y2] of the respective 
nodes are retrieved from the node information. 
90 PH471 Subsequently, the coordinates of node No. 1-1 . node No. 2-1 and the coordinates [X1 a, Y1 a], (X1b, Y1b], ... 
[Xtn, YlnJ of the passing points are plotted. 

[01481 Then, the coordinates of the respective nodes are grasped as 3D coordinates by setting a coordinate (z- 
cocrdinate) in a direction (height direction) normal to the 2> space at a constant value (2) for the coordinates of the 
respective nodis in the 2D space fr-ycoo^ of Z at this time is set at a distance (e.g. 100 

36 mm)of ttie wiring harness supported by the assisting jigs 2from the assembling table 1 as shown in FIG. 15. Although 
this olniension may be rriainia^ 

preferably taking advantage of the fact thafc the respective dmen^ 

[CH^ Subsec^errtfc points are designated, a data (D1) on the -harness 

dameter* is obtained, and a cyttnottcat shape data hav^ 
*o and having a danieterD is generate 

consequently; the 3D wire path data is or can be generated 

[0150] At this stage, the 3D coordinates of the respective nodes are as f oUows (see Fl Gl 1 8). 

• Node No. 1-1 ptt.YI.ZJ 
45 - Node No. 2-1 (X2.Y2.Z) 

• Passing point 1-a (Xta,Y1a.Z> 

• Passing point 1-b ... (X1b.Ytb.Z> 

[01511 In this way. a virtual wiring harness 119 modelled into an aggregate of elements, preferably of cylindrical 
so shapes, can rx> represented in the 3D spa» t8. 

<2. Part Shape Data Setting Step> 

2-1. Part Information Obtaining Step 



[01521 Next, the part information to be described below is obtained from the fult-size drawing design data obtained 
in Step S106. 

[01531 Rrct, the node No. 1 is obtained as a node number representing origin coordinates where this accessory is 
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to be mounted. However, additional coordinates preferably are designated by the node No. 2 as the node number of 
the additional node in the case that the mount position of the accessory cannot be securely designated by the origin 
coordinates. " J 

[0154] Then, the mounting direction of the accessory is designated. This direction information is included in the 
information of the node No. 1 or node No. 2. For example, if the node No. 1 is inputted, it means that the accessory is 
mounted at the coordinate position of the node No. 1 or is mounted toward the node No. 2 with the node No. 1 as an 
origin. 

[0155] Further, an accessory specification data (name, code, type, length, etc. of the part) is sampled as a number 
by a uniformly administrable numerical value or by a specified (predetermined or predeterminable) data standard. 

2-2. Step of Setting the 3D Shape of the Parts 

[0156] The 3D shape of the part is stored in the storage device such as a hard disk of the computer beforehand. 
Here, a method for setting the 3D shape data of various parts stored in the storage device is described. 
[01 57] Parts for a wiring harness include wires, terminals, connectors, clamps (or dips), tubes, protectors (e.g. mold- 
ed parts) and/or boxes (fuse boxes, junctions positions, etc.), etc. The 3D shape data of these parts need to be gen- 
erated at first Accordingly, the 3D shape data of the above various parts are obtained by the following method. 
[0158] First, a 3D shape information registered in or generated by an existing CAD system is copied at the develop- 
ment and design stage of the accessories, and one data file is generated for a data of one part. FIG: 19 Is a perspective 
view showing the 3D shape of a connector housing as an exemplary part. The name or code of the part is preferably 
used as the name of this data file. 

[0159] For the accessory whose 3D shape data are not available, 2D drawings or actual accessories are obtained 
and the 3D shape data of these accessories are set and inputted using a 3D CAD system. After the input of the data! 
one data f ile is generated for a data of one part and the name or code of the part is used as the name of this data file. 
[0160] Pecufiar retrieval irtdexe^ 

data of various parts in use obtained by the above method, and are stored in the storage device such as a hard disk 
drive as a part information database. 

2-3. Step of Connecting the 3D Shape Data with the 3D Wire Path Data 

[0161] The 3D shape data are connected wfth the 3D wire path data (see FIG. 20). First, the name or the code of 
the part is obtained from the part information, and the obtained information is used as a retrieval key to obtain the 3D 
shape data file of this accessory from the part information database. 

[0162] Subsequently, the node No. land the node No. 2 if necessary are obtained to obtain the coordinates of the 

mounting position oftrreacces 

or provide the 2D coordmates [Xpan, Ypanl 

[0163] Then, the 3D shape data cl me accessory 

BH64] Rrst, one node mirrt^mforrra^ 

point of a plane where terminaJs are to be Inserted are obtained, and these coordinates are caused to substantially 

coincide wfth the node coordmates where the coimector is mounted, whereby the 3D shape data of the accessory 

shown in FIG. 19 is attached to or combined wfth the 3D wire path data (see RG. 20). 

[01651 Ftirtherjoradair^ 

of a center poirrt ol this accessory (cto^ 

the node coordmates wtterethts accessor 

with the 3D wire path data. 

[0166] For the covering member (such as a corrugate tube, vinyl tube or taping: see 121 in RG. 20), a data preferably 
on the type, diameter andfor length of the part is obtained based e.g. on the information on the name and the specifi- 
cation of the part, and a 3D shape data, preferably a 3D cyKrw^ 
length data of this part is generated In orderto enabteavisual judgment of the tv^ 

(display color, surface design, etc) corresponding to the types of the parts are or can be determined beforehand, and 
the display design is selected based on the part type information and is reflected on the previously generated 3D 
cylindrical shape data. Subsequently, the node coordmates are obtained from the node number information, and a 
point expressed by these node coordinates is assumed to be a base point where the 3D cylindrical shape data is 
attached. In the case that there are two pieces of the node number information, the direction data is referred to and a 
point expressed by the node number indicated there b assumed to be a base point The coordmates of the base point 
and those of an end point of a center line of the 3D cylindrical shape data are caused to coincide with each other, 
whereby the data is attached by a method for superimposing the 3D cylindrical shape data on the 3D wire path data 
For example, in FIG. 20, the opposite end points of the cylindrical shape of the covering part 21 are expressed by the 
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coordinates [Xp2a, Yp2a, Z|, [Xp2b, Ypb, ZJ at the opposite ends of a long node No. P-2. 

[01671 In the case that the diameter and length data cannot be obtained, a 3D cylindrical shape data is generated 
using the coordinates of two node numbers and the diameter of the 3D wire path data including these node numbers. 
[0168] The 3D cylindrical shape data may be sometimes attached after erasing the 3D wire path data within a range 
where the 3D cylindrical shape data is set. 

[0169] A "3D wiring harness shape data" as shown in FIG. 20 can be obtained by the above procedure. 

<3. Assembling Table Data Generating Step> 

3-1 . Step of Setting the 3D Shape Data of the Assisting Jigs 

[0170] There are various kinds of supporting or assisting jigs 2 (see FIG. 15) depending on their functions. Generally 
used assisting jigs 2 include U-shaped jigs for fixing the terminal parts (connectors, terminals, etc.) and the wires, 
branch jigs used at branched points of the wires, and/or damping jigs for positioning the damps. 
[0171] These jigs are or may be individually designed and produced or 2D drawing information of the assisting Jigs 
or actual jigs are obtained and 3D shape data are set and registered as in the above "2-2. Step of Setting the 3D Shape 
of the Parts". In the administration of the data file in the "3-1 . Step of Setting the 3D Shape Data of the Assisting Jigs" 
as wed, a jig data base is generated or used, preferably using the names or codes of the parts as file names as in the 
"2-2. Step of Setting the 3D Shape of the Parts" 

[0172] Since the U-shaped jig is a generally used jig and is not particularly selected in one-to-one relationship to the 
part name or part code. Thus, the name or code may be separately determined and registered therefor. 

A. Step of Selecting and Mounting the Assisting Jigs 

[0173] The breadth and length of the assembling table 1 (See FIG. 15) used for assembling the wiring harness are 
obtained from the full-size drawing information obtained in Step S1 07. Several sizes of the assembling table are avail- 
able as production standards (e.g. 870 mm (breadth) x 3600 mm (length)), and a designer selects an optimal size in 
drafting a full-size drawing. 

[0174] Next, with reference to the part information, the assisting jigs 2 are selected for the node coordinates induded 

in the part information. A desired selection method is adopted, and an optimal jig is selected within such a range as 

not to Impair an operability and not to hinder a guarantee of a quality (positioning precision, dimensional precision, 

etc.) preferably in consideration of the type, shape, size and the like of the parts and the wire diameter. Some assisting 

jigs 2 such as damps are determined or defined in one-to-one relationship to the part names or part codes. 

[0175] The assisting flgs 2 may be arbitrarily selected by the operator. However, since the dimension data of, e.g. 

the U-shaped jfc such as the inrie^ 

assisting jigs 2 may be automat^ 

held by the assisting jig 2. 

[0176] Tr»3Dshapedata(see122inFia2t)tf 

attached to the assembling table 123 for assembling the wiring harness. 

[01771 Trie "&AssemWmg Table Data Ge^ 

[01781 The 3D wMng harness l^tr^ass^ng jigs 122 and the assembling table 123 mus generated are displayed 
on a display screen of the computer or printed by a prirter, so mat they can ^ 
trial product at an assembling ste of the wiring harness. 

[01791 Since the wiring harness aiwi the assembling site can be easily virtually modeled by the computer, problems 
of the design can be pointed out and an improvement thereto can be made within a short time. Spedficalfy, if the above 
wiring harness assembling table designing method is, tor example, used at the design and development stage of the 
o^ect in which the wirir^ham^ FIG. 22, it is no longer necessary to produce a trial 

product of the wiring harness (Step 73 of FIG. 23) unlike the prior art. As a result, a development period of the object 
in which the wiring harness is to be used can be considerably shortened. 

[01801 Accordingly, the wiring harness can be easily virtually modeled by the computer since the wiring harness 
assembling table designing method for investigating and designing the arrangement of the assembling table used to 
assemble the wiring harness and the assisting jigs for supporting the group of the wires laid along the specified path 
on the assembling table Is provided with the step of setting a cylindrical wiring harness having a virtual thickness based 
on a design inf cjrmation of the wiring harness developed in a 2D plane and a wire diameter information induded in the 
design information; the step of relating the set cylindrical wiring harness to the 3D data of accessories based on the 
design Information, and the step of selecting optimal assisting jigs for receiving the wires to be laid and virtually making 
an optimal arrangement of the assisting jigs on the assembling table using the computer. Thus, problems of the design 
can be pointed out and an improvement thereto can be made without produdng trial products of the wiring harness 
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the wiring harness can be developed within a shorter time, and the assisting jigs can be efficiently arranged and de- 
signed. 

[Oiai] Further, the assembling table can be efficiently selected by preferentially selecting the predetermined assem- 
bling table. As a result, the development of the wire layout path and the virtual arrangement of the assisting jigs can 
be quickly made on the assembling table. 

[0182] Moreover, a 3D model easy to visually grasp in accordance with an actual situation can be easily obtained 
based on the accessories to be mounted on the wiring harness. 

[0183] Furthermore, the coordinate axis in the normal direction to the 2D plane of the wire layout path is added to 
the coordinate systems of the 2D plane in the assisting jig selecting and mounting step, and the value of the height at 
which the wiring harness is supported by the assisting jigs above the assembling table is set in the normal direction, 
thereby arranging the wire layout path in the 3D space. Thus, the coordinates of the wire layout path can be easily 
converted from the 2D coordinates to the 3D coordinates. 

[0184] FIG. 24 is a flow chart showing a wiring harness designing method according to one preferred embodiment 
of the present invention. As shown in FIG. 24, a three-dimensional (3D) virtual simulation technology is utilized for a 
process from the separate designing of subassemblies forming a wiring harness to the arrangement of these sub- 
assemblies on a harness assembling table, preferably as described with reference to FIGS. 1 to 13, thereby generating 
the wiring harness and the harness assembling table having precise 3D structures, in a virtual space. A trial product of 
the wiring harness is or can be virtually produced only by simulation, and productivity- and quality-related hindering 
factors are pointed out to study a method for improving such hindering factors. 

[0185] The above operations are carried out in a computer system e.g. as shown in FIG. t preferably provided with 
a ROM, a RAM and a CPU while 3D images are displayed on a display 11. A method for these operations Is described 
in detail below. 

[0186] First, a full-size drawing is drafted (drafting of a drawing used to produce a wiring harness) in a procedure 
similar to the one shown in Steps S01 and S02 of FIG. 48. As a result, a harness design information (full-size design 
information: Step S222) is obtained from a production designing system (IHS: Step S221 ) as a software program of 
the computer, preferably as already described with reference to FIGS: 1 to 13. 

[0187] The harness design information is a drawing information preferably developed in a two-dimensional (2D) 
plane which information is necessary to draft a 2D drawing, and 3D shape data as electronic data processable in the 
computer system are preferably generated based on this harness design information. Alternatively or additionally at 
least part of the harness design (reformation may be already inputted as 3D data e.g. as possibly received from a car 
manufacturer. 

[01881 Specmca!ly I inStepS223,da^ 
ttte3D shapes of the respect^ 
the full-size otesSgrfna 

[0189] Durfrtg this t^, the talk^oes^ obtained in Step S222 and a subassembly composition in- 

formation (subassembly information) on a ptorri^ 

as a final product are formed into a database (fuli-size design data generating step). 

[0190] The data (Tui^stze design data) to be sampled or inputted at this time include a node information including 
numbers of nodes (node l^)such as center pe^ 
coordinates); a span or element or segment informations^ 
rnationfoclcatirtgbywhfc^ 

termirorfpan^ types, speitfx^ information inducing 

identtftetion numbers (subassembly No&) for each other and an irv 

fonnation on parts (ag. circuit parts) forming the subassemblies; a circuit information including an information on the 

types, sizes* colors, processed 

of the wires, the part codes, the no^ 

are to be iriserted, thenamesandcodes of th^ 

inserted thereinto (insertion cavity Nos*); a circuit construction information; and a circuit processing information. 
[01911 A preferred data configuration of the subassembly information is shown in Fia 2. The subassembly informa- 
tion Is organized in a retneval tree structure as shown in FIG. 25. 
[019121 lnR ^»>circuftsatt,a12,a^ 

a circuit information used to define various pieces of information such as a plurality of passing nodes Nos. (node Nos ) 
used to detect coordinates where the respei^ wires pass on the 

[0193] Connectors bit, b12, b13, ... as parts are an index information of the connectors and specifically include a 
connector specification irrformation finked with the part information, and the part information on, e.g. the positions of 
the nodes where the respective connectors are located 

[01941 Covering parts c11, c12, c13 such as damps, dtps, protectors, tubes, taping, etc as parts are an index in- 
formation of various covering parts and include a relationship information linked with the drcuit information and indi- 
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eating which circuit is Joined with which covering part, and an information (node information) on the positions of the 
nodes where the respective covering parts are located. 

[0195] These pieces of the full-size design Information are stored as a database (DB3 in FIGS. 26 and 27) in the 
storage device such as a hard disk of the computer system. 

[0196] A 3D shape Information on the 3D shapes of the connectors b11 , b12, bt3, the covering parts ct1 , ct2 
d 3, ... such as clamps, assembling jigs and other parts is stored as a database (DB2 in FIGS. 26 and 27) beforehand, 
and the respective data of the 3D shape information can be retrieved by referring to the above index information. 
[0197] Separately from these pieces of the full-size design data, an information on the wiring harness assembling 
procedure (assembling procedure information) is also inputted or retrieved or obtained in Step S224 and stored as a 
database in the storage device such as a hard disk of the computer system. This assembling procedure information 
includes a subassembly assembling procedure information and an on-the-board assembling procedure information 
[0198] The subassembly assembling procedure information includes an order index (serial No.) indicating an as- 
sembling order, the names or codes of the parts such as the connectors to be assembled, the circuit Nos. of the wires 
to be assembled, terminal symbols Indicating at which ends of each wire to be assembled the terminals are mounted 
(one terminal "A" and the otherterminal "B"), flags Indicating the presence or absence of the covering part to be mounted 
first (first mounting part), the specifications of the first mounting parts (names and processing specifications of the vinyt 
parts and the like), and other operation codes and specifications. 

[0199] A data of the subassembly assembling procedure information is stored as a database DB t A. This subassem- 
bly assembling procedure Information DB1A is linked with the database DB2 of the 3D shape information and the 
database DB3 of the full-size design information as shown in FIG. 26 with the subassembly Nos. as link keys. 
[0200] The on-the-board assembling procedure formation includes an order index (serial Nos.) indicating an as- 
sembling order on the harness assembling board, the subassembly Nos. for specifying the subassemblies to be brought 
onto the harness assembling table, the operation codes for identifying the operations as wire laying, terminal insertion 
bundling, mounting of the covering parts, and branching, the circuit Nos. of the wires to be independently assembled 
not as part of the subassembly, terminal symbols Indicating at which ends of each of these wires to be assembled the 
terminals are mounted (one terminal "A - and the other terminal m &), and the specifications of other operations. 
[0201] A data of this on-the-board assembling procedure information is also stored as a database DB1 B. This on- 
the-board assembling procedure information DB1 Bis also linked with the database DB2 of the 3D shape information 
and the data base DB3 of the fui^size design information as shown in FIG. 27 with the part information and the like as 
link keys. 

[0202J Here, a specific example of the subassembly is shown in FIG. 28 and a procedure of assembling this sub- 
assembly is shown in TABLE-2. 



TABLE* 



ORDER 


COIWEOT5 OF OPERATION 


1 


Take connector C3 out and hold ft by left hand 


2 


Pull B^ermirial side of tir^ of connector 
C3 


3 


[ Pltf*B4emtinaisideofdr^ ofcormector 
C3 


4 


PuDA^emrfnatsidetf^ ofcormector 
C3 


5 


PuUA^emiirtalstcfeofrirc^ arnl at feast partly irisert it into cavity® of connector 
C3 


6 


Pull A^errntnal side of circuit alt out by right hand, and at least partly insert it into cavity® of connector 
C3 



[0209] m FIG. 28, cavities©,®,® of a connector CI and cavities® ,@ ,Q) of a connector C3 are connected 
by circuits (wires) all , a12, at3> and cavities© , © of a connector C2 and cavities® ,® of the connector C3 are 
connected by circuits (wires) at 5, at 6. Further, a drcuft at 4 connected with a cavity© of the connector CI is connected 
with a free terminal T1 , and a circuit at 7 connected with a cavity ® of the connector C2 is connected with a free 
terminal T2. These free terminals T1 , T2 are free circuit terminals which are not inserted into the cavities of the con- 
nectors at a subassembly assembling stage, but need to be at least partly inserted into the connectors on the harness 
assembling table 216 later on. 
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10 



15 



[0204] In the case of manually assembling the subassembly shown in FIG. 28, wires are accommodated in a wire 
accommodating tray 211 shown in FIG. 29, and parts in part accommodating cases 212 are connected with ends of 
the wires toward the front side in FIG. 29. Connecting operations at this time are performed on a work table 213. 
[0205] Specifically, a procedure of, for example, assembling the respective drcuits alt, a1 2, a1 3, a15, a16 intothe 
connector C3 is as shown in TABLE-2. First, the connector C3 is taken out of the part accommodating case 212 and 
held by left hand. Then, the terminal side of the circuit a15 accommodated in the wire accommodating case 211 is 
pulled out by right hand and at least partly inserted into the cavity® of the connector C3 (see FIGS. 28 and 30). 
Similarly, the B-terminal side of the circuit a1 6 is pulled out by right hand and inserted into the cavity© of the connector 
C3 (see FIGS. 28 and 31); the A-terminal side of the circuit a13 is pulled put by right hand and at least partly inserted 
into the cavity 0 of the connector C3; the A-terminal side of the circuit a12 is pulled out by right hand and at least 
partly inserted Into the cavity © of the connector C3; and the A-terminal side of the circuit a11 Is pulled out by right 
hand and at least partly inserted into the cavity© of the connector C3 (see FIGS. 28 and 32). 
[0206] The subassembly assembling procedure information is generated assuming the procedure of these manual 
operations. The subassembly assembling procedure information at this time (see FIG. 26) is as shown in TABLE-3 
below. 



TABLE-3 
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SERIAL NO. 


PART CODE 


CIRCUIT NO. , 


TERMINAL SYMBOL 






001 


03,2 






- 




002 




a15, 1 


B 




| SUBASS. NO. 


003 




a16, 1 


B 






004 




a13 t 1 


A 






005 




a12, 1 


A 






006 




a11,1 


A 





[0207J In TABLE-3, an information "C3, 2" meaning that the connector C3 is held by left hand ("2") is stored in a part 
code column in a row of the serial No. of 001. Subsequently, an information "a15, 1 ' meaning that the circuit a1 5 is 
held by right hand p") is stored in a circuit No. column in a row of the serial No. of 002. Similarly, pieces of information 
•a16, r, *a13, r, *a12 t f and "all, r are stored In the rows of the succeeding serial Nos. The terminal symbols (A 
or B) are also stored together. This subassembly assembling procedure information is formed into a database as 
indicated by D&1 A In FIG. 26, 

[00081 A state of a subassembly taki on a harness a^ RG. 33 and a corresponding wire 

laying procedure is shown in TABLE-4, 



TABLE-4 



ORDER 


CQNTEIOTS OF OPERATION 


t 


Pass wires from connector Ct through a specified U-shaped jig 


2 


Pass wires from connector C2 through a specified U-shaped jig 


3 


Lay wires connected with connector C3 and free terminals along specified paths 


4 


Pass wires from connector C3 through a specified U-shaped jig 


5 


Lay wires connected with free terminals to the vicinity of connector C4 


6 


Pass wires from connector C5 through a specified U-shaped jig 


7 


Lay wires connected with connector C4 along a specified path | 


8 


Pass wires from connector C4 through a specified U-shaped jig 


9 


Insert free terminal connected wfth connector C2 into cavity© of connector C4 


10 


Insert free terminal connected with connector C1 into cavity© of connector C4 



[0209] The harness assembling table 21 6 is used for assembling the wiring harness while being inclined only by an 
angle of 0 with respect to a horizontal plane defined by X-axis and Y-axis as shown in FIG. 34. U-shaped jigs Jig1 to 
Jigfi for holding the wires and connectors Ct to C5 are mounted on the harness assembling table 21 6. The design of 
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the harness assembling table 216 In particular with respect to the arrangement of the single subassemblies Sub1, 
Sub2, Sub3, ... and/or of the jigs Jig1 , Jig2, Jig3, ... may be designed according to a method as described with reference 
to FIGS. 24 to 50. 

[021 0] As shown in TABLE-4, the wires connected with the connector C1 of the subassembly shown in FIG.> 28 are 
passed through the U-shaped jig Jig1 on the harness assembling table 216. Similarly, the wires connected with the 
connector C2 of the subassembly are passed through the U-shaped jig Jig2. 

[021 11 Subsequently, the wires connected with the connector C3 and the wires having free terminate are laid along 
specified paths, and the wires connected with the connector C3 are passed through the U-shaped jig Jig3. 
[0212] Then, as shown in FIG. 36, the wires connected with the free terminals T1 , T2 are laid to the vicinity of the 
connector C4. 

[0213] Subsequently, the wires connected with the connector C5 are passed through the specified U-shaped jig Jig5. 
[0214] The wires connected with the connector C4 are laid along a specified path and are passed through the sdcx> 
ifiedjigJig4. H 
[0215] Thereafter, as shown in FIG. 37, the free terminal T2 extending from the connector C2 is inserted into a 
specified cavity of the connector C4, and the free terminal T1 extending from the connector C1 is inserted into a 
specified other cavity of the connector C4, with the result that a state of FIG. 38 is attained. 
[0216] The on-the-board assembling procedure Information is generated assuming the procedure of these manual 
operations. The on-the-board assembling procedure information at this time (see FIG. 37) is as shown in TABLE S 
below. 



TABLE-5 



SERIAL NO. 


SUBASS NO. 


OPERATION 


PART CODE 


CIRCUIT NO. 


TERMINAL 
SYMBOL 




001 


001 


wire laying 


C1 








002 


001 


wire laying 


C2 








003 


001 


wire laying 


C3 








004 


002 


wire laying 


C5 








005 


002 


wire laying 


C4 








006 


001 


terminal insertion 


C4 


a14 


A 




007 


001 


terminal insertion 


C4 


a17 


A 





[02171 TABLE-5 defines that the wires are taki for the connectors C1 to C3 of the subassembly 001 in the rows of 
the serial Nos. of 0O1 to 003; the wires are law f^ 

serial Nos. 004, 005; and the A-temrinais of the spedfied circuits are inserted into tt^ 

001 in the rows of the serial Nos. of 006 and fnto 
the database as indicated by DB1B in RGl 37. 

P»181 After the assembling procedure information sampling step (Step S224) shown in Fig 24 Is completed in this 
way, the ful^size design data and the assembling procedure Information are received by a 3D simulation system of an 
other computer system via a specified network by a method such as an FTP. Thereafter, the 3D shape data of the 
subassemblies and that of the wiring harness on the harness assembling table (including the assembling board and 
the U-shaped jigs) \n the virtual 3D space are successively generated in this computer system, and are displayed on 
a display (Step S226). 

[0219J The operation in this Step Is describe* starting wim the 3 

preferably generated by a method or system as described with reference to RGS. 1 to 13. 

[0220] First, the part code (C3, 2) Is obtained based on the serial No. (001) of the subassembly assembling procedure 
information DB1 A shown in RG. 26 and TABLED 

[0221] Subsequently, the 3D shape information of the connector C3 is retrieved from the 3D shape information DB2 
of the respective parts shown in FIG. 26, and this 3D shape is displayed on a screen of the display (not shown) of the 
computer system. A display position of the connector C3 on the screen of the display is arbitrarily set using a pointing 
device (not shown) such as a mouse, and the connector C3 is displayed such that a circuit insertion surface where the 
cavities of the connector C3 are formed fe faced forward. 

[02221 Then, the rircuft No. (a15, t) and the terminal symbol (B) are obtained based on the serial No (002) of the 
subassembly assembling procedure information DB1A (see FIG. 26 and TABLE-3). An attribute information of the 
circuit a15 is retrieved and obtained from the circuit information of the full-size design information DB3 shown in FIG 



EP1267 284 A2 



26. In this way, the data on the wires, the terminals, the connectors Into which the terminals are to be Inserted and 
the cavity Nos. can be obtained. 

[0223] After various pieces of Information are thus obtained, the 3D shape data of the circuit a1 5 is generated in the 
virtual space and displayed on the display 11 (see FIGS. 1 and 30). 

[0224] At this time, a full-size 3D wire having a pipe-like shape is generated and displayed using the information on 
the diameter, color and length of the wire. 

[0225] An actual shape data or a simplified shape data (e.g. rectangular parallelepiped) is registered beforehand as 
the 3D shape of the terminals based on the terminal code information of both A-terminal and B-terminal of the circuit 
a15 (also other circuits), and this registered data Is connected with the opposite ends of the wire data (see FIG. 30) 
[0226] Then, the terminal at the B-end of the circuit a15 to be inserted is brought to the vicinity of the shape data of 
the connector C3. This state is displayed on the screen of the display 11 as shown in FIG. 30. 
[0227] Next, a trace of movement from the center of the leading end of the ^terminal of the circuit a1 5 as a reference 
end toward a center point of the corresponding cavity of the connector C3 is set (see FIG. 39). In other words, a general 
trace of operation preferably by human hands or other operating means is measured and inputted using a pointing 
device such as a mouse 1 3, whereby a state approximate to an actual operation can be reproduced by moving images. 
Although a speed at which the trace of operation is followed Is set at a value based on an actually measured value, 
there Is also a function of arbitrarily changing or inputting such a speed. 

[0228] In the serial Nos. of 003 and succeeding numbers of the subassembly assembling procedure information 
DB1, the respective pieces of the procedure Information are obtained and the aforementioned method is repeated 
whereby a virtual assembling operation of the subassembly shown in FIG. 28 is proceeded by the calculation of the 
computer system (see FIG. 31), preferably as described with reference to FIGS. 1 to 13. 

[0229] The later-inserted circuits are frequently Inserted while avoiding the circuits inserted earlier. Such a state Is 
represented by selecting and setting such a trace of Insertion of the terminal of a circuit 1 8 to be inserted later as not 
to interfere circuits 19 inserted earlier as shown in FIG. 40. An example shown in FIG. 40 is a simulation of the circuit 
insertion Into the muJfrcontact connector. The position of the cavity Into which the later-inserted circuit 18 is to be 
inserted is located at the center of the connector, and the circuits 1 9 are already inserted into the cavities around the 
former cavity. Thus, a supplementary operation of avoiding the circuits 19 inserted earlier is invariably accompanied. 
Therefore, when such moving images are reproduced on the screen of the display, a poor operability can be visually 
displayed. Similarly, the insertion of the circuits a11 to a15 into the corresponding cavities of the connectors Ct C2 is 
virtually displayed. 

[0230] Upon the completion of ail the procedures, the virtual assembling of the corresponding subassembly (001 ) is 
completed and an image is displayed on the screen of the display as shown in FIG. 32. 

[02311 By representing the subassembly rjroducing operation by the 3D virtual data by the above method wfthout 
using an actual prafcct, people in charge can objectively inspertw^ 

decided by the research engineer is optimal and fortprove if necessary while looking at the display screen displaying 
thevirt^ 

[0232] Furtrier, by using the tjaceso^ measured values as the op^ 

eration steps can be understood as if an actual operation were performed and the remedy of the operation can be 

investigated 

[0239| Snc» the wont tabte 213 shown in R 

(atl , a12; and the connectors CC1.C2,...; bt1 „ b12 r as components of the subassemblies am provided in the 

actual subassembly producing operation by human hands, op^ 

trtecases2,2t2festuo1ed.rnot 

that the wires can be <*awn out of the cases 2tt and the connectors can betaken out of the cases 212 w^in a shorter 
tfrne. This simulation can be so carried otf as to approxirnate to 
of the work table 213, the accommo^ 
subassembly producing procedure. 

[0234] Next, a preferred method for virtually arranging and assembling the subassemblies, the independent parts 
and the like on the harness assembling table 216 in the computer system using the 3D shape information DB2, the 
fulkte* design information DB3 (see FIG. 27) and the on-the-board assembling procedure information DB1B which 
are stored as databases in the storage device of the compute system is described. 

[0235] As shown in FIG. 34, the harness assembling table 21 6 is imaged and Displayed on the display while being 
inclined by an angle 0 with respect to the horizontal plane defined by X-axis and Y-axis preferably by an empirical rule 
conforming to an efficient actual operation. 

[0236] The subassembly No. (001), me type of the operation (wire laying) and the part code (C1) are obtained based 
on the serial No. (001) of the on-the-board assembling procedure information DB1B shown in Fia 27 and TABLE-5 
This ^subassembly No. (001) means the subassembly shown in FIG. 28. 

[0237] The composition information of the subassembly No. (001 ) is obtained from the subassembly information of 
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the full-size design information DB3. 

[0238] Subsequently, the node information of the connector C1 is obtained, and the connector C t of the subassembiy 
No. (001) is imaged in a 3D shape while being positioned at the specified node coordinates. The construction of the 
subassembly No. (001) connected with the connector C1 is imaged as shown in FIG. 35. At this time, since the com- 
ponents other than the connector CI actually hang down due to gravity, they are imaged in consideration of such an 
influence. Again, for this purpose, preferably a method based on the one described with reference to FIGS: 1 to 13 
may be used. 

[0239] Subsequently, the subassembly No. (001), the type of the operation (wire laying) and the part code (C2) are 
obtained based on the serial No. (002) of the orMhe-board assembling procedure information DB1 B (see TABLE-5). 
The connector C2 is positioned at specified node coordinates, and all the circuits a11 to a17 (see FIG. 28) extending 
from the connectors C1 and C2 are retrieved from the composition information of the subassembly No. (001 ); the wire 
layout paths of the respective circuits a11 to a17 are obtained from the span information of the full-size design infor- 
mation DB3; and the passing node coordinates of the respective circuits a1 1 to a1 7 are obtained. 
[0240] In the case that there is any circuit connecting the two positioned connectors C1 , C2, this circuit is so imaged 
as to precisely follow the wire layout path while the other circuits are represented in an arbitrary manner. 
[0241] Subsequently, the subassembly No. (001), the type of the operation (wire laying) and the part code (C3) are 
obtained based on the serial No. (002) in TABLE-5. After the connector C3 is positioned at specified node coordinates, 
the circuits connecting the connectors C1 and C3 and connecting the connectors C2 and C3, and the wire layout paths 
thereof are obtained, and the connecting circuits are displayed on the display. For the circuits connected with the free 
terminals T1 , T2, the connector C4 (see FIGS. 37 and 38) into which the free terminals T1 , T2 are to be finally inserted, 
the node coordinates thereof, and the wire layout paths to the connector C4 are obtained from the circuit information 
of the full^ize design information DB3, and a display as shown in FIG. 36 is made on the display. 
[0242] Subsequently, the subassembly No. (002), the type of the operation (wire laying) and the part code (C5) are 
obtained based on the serial No. (004) of the on-the-board assembling procedure information DB1 B (see TABLE-5). 
Further, the subassembly No. (002), the type of the operation (wire laying) and the part code (C4) are obtained based 
on the serai No. (005) of the on-the-board assembling procedure information DB1 B (see TABLE-5). Then, the other 
subassembly No. (002) is imaged by a procedure similar to the above. A state at this time is displayed on the display 
as shown in FIG. 37. 

B»43J Thereafter, the subassembly No. (001), the type of the operation (terminal insertion), the part code (C4), the 
circuit No. (a17) and the terminal symbol (A) are obtained based on the serial No. (006) of the on-the-board assembling 
procedure irrformation DB1 B (see TABLE-5). Likewise, the subassembly No. (001 ), the type of the operation (terminal 
insertion), the part code (C4), the circuit No. (a14) and the terminal symbol (A) are obtained based on the serial No 
(007) of the offvthe-board assembling procedure ^formation DB1 B (see TABLE-5). 
[02441 Then, the rturrtes erf t^ 
(nsertw* am retrieved 

terminals into the connector C4 is displayed by moving images and a final display will be as shown In FIG. 38. 
[0245] A state where the siibassembfc^ 
table 216 by tte above procedure is repr^ 
harness c^theriames^ 

and the operation speed, and the speed of the actual operation and a behavior characteristic of the product shape 
approximate to an actual product are generated asthe3Dshape data and sirrmlatedL 
[0246] Here, a specific example of the simulation is described. 

[02471 Based on the ctesfgn infomtation in which the wiring harness as a final product is divided into a plurality of 
subassemblies, the 3D virtual data of ail the subassemblies are generated (e g by the method as described with 
reference to FIGS. 1 to 13)> and all the 3D virtual data including the harness assembling table and the Jigs generated 
based on the full-size design information are displayed (see FIGS. 41 and 42). 

[0248] In the display at this time, the wires are represented one by one as shown in FIG. 41 and the wires, the 
connectors and other components of the same subassembly are or may be displayed in the same color, the different 
subassemblies having Different display colors (individual display mode). I nstead of representing the wires one by one, 
aggregates of the wires are or may be collectively displayed as shown in FIG. 42 (collective display mode). Preferably 
whether the wires are represented orie by oro as sfiown in FIG. 41 or collective 
in FIG. 42 can be easily selected using a specified selection menu. 

[02491 At this time, if the assembling procedure is so designed that the subassemblies are assembled in the order 
of Sub1 , Sub2, Sub3 to form a wiring harness as a final product Cmp, the virtual data of respective subassemblies 
Subl , Sub2, Sub3 are displayed in a mree-cfimensional manner while arbitrarily changing only the coordinate value of 
the vertical axis (Z-axis)of the virttial3DspaceasshowninFIGS.41 and 42. Further, the display order of the respective 
subassemblies Subl, Suh2, Sub3 can be freely changed by dragging the images thereof using a pointing device such 
as a mouse 13. Further, the shapes of the respective subassemblies Subl , Sub2, Sub3 and the detailed shapes of 
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the parts forming these subassemblies can be realistically and visually seen in terms of size, color and shape from 
every 30 angle. 

[0250] As a result, the following Items can be confirmed or predicted preferably automatically by the visual investi- 
gating method. 

(1) Sizes of the respective subassemblies Sub1 , Sub2, Sub3 

[0251] Normally, there is a limit in the size of the subassemblies efficiently handled by one worker. For example, the 
number of connectors and the number of wires are desirably less than 5 and less than 20, respectively. If the sub- 
assemblies Sub1, Sub2 f Sub3 have excessively large sizes, it results in a reduced production efficiency. However, 
since the forms of aJI the subassemblies Sub1 , Sub2, Sub3 can be computed and/or visually seen in detail it can be 
(automatically) immediately detected if the subassemblies are improper. 

(2) Easiness to lay the respective subassemblies Sub1 , Sub2, Sub3 

[0252] This property is an index used to judge an easiness in laying the respective subassemblies Sub1 , Sub2, Sub3 
on the harness assembling table 216. The more easily the subassemblies are laid, the better the production efficient 
(performance) can be improved. 

[0253] Usually, it is desirable to linearly lay the wires from left side to right side, and it is undesirable to have such a 
path that, for example, returns in an opposite direction, has an excessively large number of branched points, and/or 
has branches extending in many directions. Such points can be immediately (automatically) judged by simulating and/ 
or looking at the visual shapes of the respective subassemblies Sub1 , Sub2, Sub3. 

[0254] If the shapes of the respective subassemblies Sub1 , Sub2, Sub3 obtained by dividing the wiring harness into 
a plurality of sections are placed one over another, overlapping paths invariably exist. The more the overlapping paths, 
the more overlapping operations have to be done by the worker. This leads to a reduced production efficiency. Thus, 
it is effective to investigate the divided forms such that a total sum of the overlapping paths is minimized Since the 
shape data of the respective subassemblies Sub1 , Sub2, Sub3 can be freely moved and placed one over another In 
this embodiment, this investigation can be efficiently made. 

(3) First insertion rate 

[0255] Theoretically, the smaller subassemblies the wiring harness is divided into, the more free terminals (T1 , 72 
in FIG. 28) exist. These free terminate need to be inserted into the connectors on the harness assembling table 21 6 
later on (see T1, 12 fri FIG. 37)> to other words* when the subassemblies Subl, Sub2, Sub3 are laid on the harness 
assembling table 216> the fteeter^ 

jigs (see Jigt to Jip£ to RG. 37) if there am mar* ^^Wcn 

leads to a fairly poor operabili^ 

[0256] Since the rnimber erf the free ter^ 

Sub1,S u r g, Suba» the subassemblies and the connectors having rr^ 
Bgaticn can be concentrated on improvements tor them. 

(4) Operation procedure 

fltt57J As shown in FIGS. 41 artd 42, trie respective subassem 
at a position dstanced from the position erf 

by the process designing. In order to minimize unnecessary operations by the worker, a procedure of successively 
laying the respective subassemblies Subt, Sub2, Sub3 in one direction, for example, from left side to right side (or 
from upper side to lower side) is optimal . 

[0258] For example, a subassembly Sub t shown in FIG 43 is assumed. This subassembly Subt has connectors 
C3 to CS and a free terminal Tta to be connected with an other connector C2. 
[0259] Usualfo after orteertd of ad^ 
ontheothereftdoftrtedrcu^ 

C5 in a direction (from right side to left side) opposite from the operating direction from left side to right side. 
[02601 In such a case, the operating direction from left side to right side is realized in the subassembly Sub2 by 
connecting the drcuit alia with the connector C2 of the subassembly Sub1 to change the internal constructions of the 
subassemblies Subt, Sub2 as shown in FIG. 44. Alternatively, the connector C5 may be included in the subassembly 
Sub2 Instead of being included In the subassembly Sub1 . The constructions of the subassemblies can be easily res- 
tudiedinthisway. 
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[02611 By changing the content of the composition information of the subassembly to a specified content in this way, 
such a change is immediately converted into the 3D virtual information and the result thereof is or can be displayed 
on the screen 11. Thus, the subassemblies put in an Improper order are Immediately pointed out or (automatically) 
detected to study improvements. 

(5) Feedback of a subassembly division change result information to the full-size design information 

(0262] The production designing system (IHS) preferably carries out a unitary administration and a history adminis- 
tration of the generated (inputted) full-size design information, and Is linked with various other production administering 
systems for information administrations. Accordingly, if the division of the wiring harness into the subassemblies is 
changed, It Is necessary to transmit the resulting information to the IHS, to generate and store a new information file 
in which a history code information of the full-size design information is renewed. 

[0263] In this case, harness designing is proceeded considering a flow which returns from Step S226 to Step S222 
of the flow chart of FIG. 24 as shown in FIG. 46. Specifically, the subassembly division change result information 
(inputted by an operator using a keyboard and/or a mouse) Is obtained in Step S227, and this change result Information 
is data-converted into a receiving format of the full-size design information in Step S228. Thereafter, the resulting data 
is or can be transferred via a network (e.g. a LAN) for a feedback to the full-size design Information of the IHS. 
[0264] By adopting the above method, the operator can easily change the f ull-size design information while looking 
at the screen and adjustments and changes such as an automatic extension of the circuit having no sufficient length 
can be automatically made by the computer system, whereby trials and errors can be virtually made for the design. 
Thus, a degree of perfection of the trial product designing level (?) can be improved for the subassembly assembling 
procedures and the harness assembling procedure on the board at an early stage even without producing actual trial 
products. Therefore, an operation of designing the wiring harness can be made easier by reducing the number of 
productions of the actual trial products and the number of operation steps. 

[0265] Although the virtual data of the respective subassemblies Sub1 , Sub2, Sub3 are displayed while being arbi- 
trarily moved along the vertical axis (Z-axis) of the virtual 3D space as shown in FIGS. 41 and 42 in this embodiment, 
they may be displayed while being arbitrarily moved, for example, in a normal direction to the assembling table 216. 
[0266] Accorcfingry, the wires and the other parts forming the wiring harness as a final product are divided into a 
plurality of subassemblies, thefuD-size design data including the subassembly Information defining 3D shapes of the 
respective subassemblies and of the components thereof is generated, and the generated full-size design data is 
inputted in the computer system in the ful^size design data generating step; and the 3D shapes of the plurality of 
subassernbOesarecomWr^ 

table In the3D shape dispteylngstep.Thus > ft is not necessary to ctesign and investigate the wiring harness by producing 
actoa!^ a novel wiring harness can be 

[02671 Fiirther,sirice the 3D shapes of tte 
one cfirectkm on the rtarness assenting 
derstamlabie at a glance by arbitral 
with the subassembly assembling order. 
[0268] Moreover, sirice a plurality of wir^ 

and other parts of the same subassembly are <^ ^ 

different subassemblies can be e^ 

[02691 Furthermore,sirra^ 

oMtewinsintr«3D 

[0270] Stitt further, sf nee tr«ir^^ 

specified selection menu, two modes which enable the easy distinguisriment of the subassemblies can be freely 
changed according to the preference of the operator. 

[0271] Moreover, the on-the-board assembling procedure information defining the procedure of assembling the plu- 
rality of subassemblies on the harness assembling table is inputted between the fulkaze design data generating step 
and the 3D shape displaying step, an^ 

displayed by moving images on the image of the harness assembling table having a virtual 3D shape in accordance 
with the procedure defined by the on-the-board assembling information in the 3D shape displaying step. Thus, the 
operation process on the harness assembling table can be understood as If ft were actually performed, and such a 
virtual process can be used to study improvements in the operation for a better operation efficiency. Therefore, a 
plurality of people in charge can objectively inspect whether or not the design plan for the wiring harness assembling 
procedure is optimal and Improve If necessary As a result, an optimal producing procedure can be decided sooner. 
[0272] Moreover, the subassembly assembling procedure information defining procedures of assembling the respec- 
tive wires and the other parts forming the respective subassemblies is inputted between the full-size design data gen- 
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erating step and the 3D shape displaying step, and the operation of assembling the respective wires and the other 
parts is represented and displayed by moving images in accordance with the procedures defined by the subassembly 
assembling Information in the 3D shape displaying step. Thus, the process of forming the subassemblies can be un- 
derstood as if they were actually formed, and such a virtual process can be used to study improvements in the operation 
for a better operation efficiency. Therefore, a plurality of people in charge can objectively inspect whether or not the 
design plan for the subassembly assembling procedure is optimal and improve if necessary. As a result, an optimal 
producing procedure can be decided sooner. The wiring harness designing system constructed as described with 
reference to FIG. 1 operates on a software program stored in the storage device 15 preferably beforehand. 
[0273] By using the wiring harness designing system, a harness design data A (see, e.g. FIG. 52) which is a 3D 
design data of a wiring harness is displayed in a virtual 3D space displayed on the display device 11 to enable or allow 
the virtual assembling of the wiring harness and the designing of the wiring harness and an assembling board therefor. 
[02741 Th© harness design data A generated by using the wiring harness designing system and a board design data 
D (see, e.g. FIG. 52) which is a 3D design data of the assembling board are at least temporarily saved in the storage 
device 15. The board design data D also includes assisting jig data E1 , E2, E3, ... (reference numeral "E" is given when 
these data are collectively named) (see Fia 52) corresponding to assisting jigs provided on the board for holding the 
wiring harness on or above the assembling board. These assisting jig data E may be preferably computed by a method 
or system as described with reference to FIGS. 16 to 23. 

[0275] Here, a method for generating the harness design data A and the contents thereof are briefly described. The 
harness design data A Is an electronic data of a representation in 3D coordinate systems corresponding to a two- 
dimensional (2D) electronic data used when the wiring harness is produced on a 2D board. 
[0276] The harness design data A is generated as follows. First, after dimensions such as lengths between the 
branched portions of the wiring harness and the mount positions of connectors are designed based on the above 2D 
electronic data in the wiring harness designing system, a 2D drawing (plan) of the wiring harness is generated In the 
formofa2De!ectronfcdata 
of the wiring harness on the assembling board. 

[0277] Next, in the computer main body 16, a coordinate axis (z-axis) normal to a coordinate plane of the inputted 
2D electron* data is added to tr^ design data A In 

the storage device 15. At least part of the 2D electronic data may be manually inputted to the computer main body 1 6 
using the input devices 14. Alternatively or additionally, at least part of the 3D electronic data generated by an other 
CAD system may be transferred to the computer main body 1 6 via communication or a specified storage medium such 
as a m agnetic disk, CD-ROM, floppy disk, DVD, magneto-opticaJ disk, or the like. 

[0278] Here, pieces of information to be inputted as the 2D electronic data include a 2D coordinate information of 
nodes nOI to n20 tor specifying the shape of the respective wires forming the wiring harness on the assembling board 
as shown in FIG. 3, a wire fink information on finks of the respective nodes n01 and n20, and an information on diameters 
rOt to r14 of the wires linking the nodes n01ton20. 

[0279) Further, in order to enabie realistic deformation of the respective wires of the wiring harness in a step of 
deforming the harness design data A to be described later, each wire 21 having a center axis 21a as shown in FIG. 4 
is divided along its lonc^w^ Erection in^ 

"a* as shown in RG. 5> and the length "a* of the respective wire segments 22 is also inputted, considering that the 
respective wires 21 are deformed with the wire segment 22 as a unit The length "a" is desirably between about 5 mm 
to abou*15mm, preferably ab^ navjng 
a length L are finely dMded into a plurality of sh«>rt wire segments 22. 
[0280] Further, aweighto^ of a plura^ 

This weight data is a parameter representing a degree of difficulty to deform tte 
data cteformingstepto be described teten The larger the value of the we^d 

when deforming or bemfing it Further, for a ck^ormatjon to curve the wire, as me vaiue of the weigrrt o^ increases 
the wire is more likery to be curved in its entirety instead of being deformed only at a point of deformation. Such a 
weight data may be empirically obtained or obtained by means of a numerical simulation (e.g. based on a mathematical 
relaxation method)according to the diameters of the wires, the wire material, the coating material, the wire structure, 
and other factors. 

[02811 3D shape data of accessories (connectors 18 (see FIG. 3), clamps, and covering parts (such as protectors, 
vinyl tubes and corrugate tubes), eta) to be mounted on the wiring harness are generated as accessory data before^ 
hand and are p**^*******^ ^^^^^^n^im^tm^r^ ^**^>*&$«*»»j% «. — .. • ._ . . > . > . 



the wire path of the wiring harness is formed. In this way, the harness design data A is completed. 
[0282} As such a harness design data A is generated, the assembling board used to assembling the wiring harness 
corresponding to the harness design data A is also designed using the wiring harness designing system. 
[0283) Here, In general shape representation by the harness design data A, the Individual wires 21 or the respective 
wire segments 22 of an aggregate of a plurality of wires (wire bundle) are represented, for example, using cylindrical 
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shapes as shown in FIGS. 4 and 5 or other shapes such as those having quadratic, rectangular, elliptical etc. cross- 
section.. 

[0284] Specifically, as shown in FIG. 6, a vector S extending in a direction passing the center of a cylinder and having 
a length is defined for a data of the wire segment 22 having a length "a". The vector S can specify a single absolute 
position and a twisting degree by specifying a direction information and a length information in a 3D space defined by 
x-axis t y-axis and z-exis, and an angle of rotation information from a reference point by a twisted angle (angle of rotation 
centered on the axis of the wire) between this wire segment and the other wire segment adjacent thereto. 
[0285] The data of the individual wire segments 22 are so displayed as to be continuously connected with each other 
(continuous connection). Here, a method of continuos connection is, as shown in FIG. 7, such that the coordinates of 
end points of center axes 23a, 23b are caused to coincide in the case that wire segments 22a, 22b are to be connected. 
[0286] The thus generated harness design data A is three-dimensionalry deformable in the virtual 3D space using 
the input device 1 4 such as the mouse 13. By using this characteristic, an operation of laying (or mounting) the wiring 
harness in a vehicle body can be virtually performed by three-dimensionally deforming the harness design data A in 
the virtual 3D space. 

[0287] Accordingly, in this wiring harness designing system, the following processing may be preferably performed 
to enable the representation of a flexible characteristic as intended by the operator. 

[0288] The recognition of the respective wire segments 22 in the computer main body 1 6 is made by vector variables, 
i.e. vectors S (x, y, z, 8) in the 3D space as described above. A variable 6 denotes a twisted angle between the two 
continuous wire segments 22a, 22b as shown in FIG. 8. Although vectors are shown in x,y plane by omitting z-axis in 
FIG. 8 in order to facilitate the description, the same applies to the 3D coordinate systems additionally having z-axis 
For example, the vectors S of five wire segments 22 have the following values in FIG. 8. 

vector St =(X1,Y1,Z, 6) 
vector S2=(X2,Y2,Z, 6) 
vector S3 = (X3,Y2,Z,6) 
vector S4 = (X4,Y1,Z, 8) 
vector S5 = (X5,0,Z, 6) 



[0289] AtosettingthevectDfsSasaba^ 

special operation of the mouse 13 called 'drag* with the end point of the wire segment 22 designated by means of the 
input device 14 such as the mouse t3. 
[0290] Even in such a case, the contim^ 
rtectionpoim 24 thereof, fw 

is moved, it results in the representation of a curve of the wiring harness due to the continuous connection. In other 

words, if a tension is exerted on one of the continuous wire segments 22, the other wire segment 22 is dragged. A 

movement vector of the other wire segment at this tirne is s^ equation based on an empirical 

rule so as to depend on a change vector of the cormectkmpdrtwrm the orie wires 

wiring harness can be deformed without losing an information on the continuity of all the wires. 

[02911 However, in the case that the posits 

device 14 such as the mouse 13, an influence of such a movement on the other connection points differ in degree I n 
ctrter words, trtecormectfc^ 

more than those more cfistarrt therefrom. Here, it is assumed that values of the vectors S after the change of the 
positfonsoftherespectfvec 



vector S1=(X1, Yt r Z, 91) 
vector S2 = (X2, Y2, 2. 02) 
vector S3 = (X3,Y2,Z, 63) 
vector S4 = (X4, Y1, Z, 64) 
vector S5=(X5,0,Z, 66) 



where 61 < 62<63<d4<86. In this way, the curved shape of the wiring harness can be represented by both the 
absolute coordinates and the twisted angles, and flexible representation such as a deflection can be freely made It 
should be noted that a relationship of 61 to 66 is set beforehand based on an empirical rule or the like and is defined 
beforehand as a software program implementing the operations of the wiring harness designing system. 
[02921 For the mutual influences of the different wires in the wiring harness, the weight parameters representing 
difficulties of the respective wires to deform are considered. Specifically, using a specified operational equation, the 
larger the value of the weight data of the wire, the smaller amou nt of movement is made du ring the deformation . Further 
concerning the curve of the wire, as the value of the weight data of the wire increases, the wire is more likely to be 
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moderately curved in its entirety instead of being deformed only at a point of deformation. 

[0293] The thus constructed harness design data has, for example, a data configuration Z as shown in FIG. 52. A 
data item H1 in this data configuration Z includes an information on the numbers of the respective nodes provided at 
specified intervals along the wire path of the harness design data; and a data item H2 below the data item H1 includes 
an information on the coordinates of the corresponding nodes in the virtual 3D space. 

[0294J Data items H3 to H1 0 include pieces of information on the accessory data of the accessories to be attached 
to the harness design data. The data Item H3 includes part codes for specifying the accessories; the data item H4 
includes a span or segment or element information of the accessory data; the data item H6 includes an information on 
the 3D shapes of the accessory data; the data item H7 includes an information on the coordinates of mounting origins 
as references for specifying the display positions of the accessory data in the virtual 3D space; and the data item H5 
includes an Information (information on unit vectors for specifying a mounting method) for specifying a display direction 
when the accessory data Is displayed in the virtual 3D space. Data items H8 to H1 0 include pieces of information on 
how the accessory data is displayed (e.g. display specifications H8, display designs H9 and display colors H10). 
[02951 DateitemsHU to H15 include pieces of information on the respective pieces of span information correspond- 
ing to the wire path of the harness design data. The date item Hit includes an information for specifying the corre- 
sponding spans in the harness design data A (including an information on the corresponding node numbers); the data 
Item H1 2 includes an information on the data addresses of the wire segments 22 (joints) of the respective spans- the 
data item H13 includes an information for specifying the display coordinates and display methods (directions) of the 
respective wire segments 22 In the virtual 3D space; the data Item H 1 4 includes an Information on the diameters of 
the respective spans; and the data item H1 5 includes an information on the length (interval) "a" of the respective spans 
or wire segments 22 or on the length L of the wire 21 . A data item Ht 6 includes an information on the circuits formed 
by the respective spans. The harness design data A may comprise information on subassemblies generated or com- 
puted preferabry by rr«ans of a m 

[02961 In the wiring harness designing system according to this embodiment, the harness design data A preferably 
configured as above is displayed in the virtual 3D space displayed on the display device 11 while being preferably 
superimposed on the board design data D by the control of the computer main body 1 6; if the harness design data is 
partly changed by an input made by the designer via the input device 1 4, a section of the harness design data A 
corresponding to a content of the change is automatically corrected; and a correction result is automatically reflected 
on display contents of the display device 11 and stored contents of the storage device 15. 

[0297] There are roughly two display modes of the harness design data A in the virtual 3D space: a display mode in 
which trie date Is developed Inapl^ 

deformed or displayed as shown in FIG. 54 so that e.g. in the configuration in which the wiring harness can be laid in 
a vehicle body. 

[0298| The harness design data A of the display mode shown in FIG. 53 corresponds to a state where the wiring 
hamessfelajdonorabovet^ 
better proAjcth^ arid c^ity of to 
holds* In RG.5^ Identified 

named). Although the harness design date A is cfcplayed white bei^ 
spondi^ 

deperidir^ on settir^ The board d^ assisting jig data E may be preferably generated by 

means of amethod or system as desert 

mode shown in RG 54 ts used for the verification of the mounted state of the wiring harness. 

Ptt99} Rrst»acasewfie^ 

descrfoeti For erampte^ if a lengm between 

harness design date A shown In RG 53 is changed by an instruction inputted e.g. by a designer via the device 
14 (e.g. designation of a section whose length is to be changed, a designation of an amount of change, etc), a correction 
is made b^tr« corresponding processing of the corr^uter main body 16 by moving tr« coordinates in the virtual 3D 
space of an end section of the harness desic^ 

section when viewed from a reference portion Fas a reference of the ha mess design data A according to a changed 
amount of the length without changing the 3D shape of this end section (parallel rrwvernents, rotational movements 
and combinations of these rnovernents) as shown in FIG 55. Here, which section of the harness design data A is set 
as the reference portion F can be arbitrarfly changed by the instruction inputted via the input device 14. For example, 
the origin coordinate position in the middle of the harness design data A is set as the reference portion F. 
[03001 As the end section of the harness design date is moved, the coordinates of the corresponding assisting jig 
date E6 to E8 inctoded in the board des^ amount of the change in the length for 

corrections by the processing of the computer main body 16. These correction results preferably are immediately 
reflected on the display contents of the display device 11 and the stored contents of the storage device 15. 
[03011 Such a change in the length of a section of the harness design date A is or can be made by inputting an 



29 



EP 1 267 284 A2 



instruction via the input device 1 4. There are a method for changing the length by increasing or decreasing the number 
of the wire segments 22 induded in that section as shown in FIG. 56 and a method for changing the length by increasing 
or decreasing the length "a" of all or some of the wire segments 22 induded in that section. Which method is adopted 
to change the length is selected by the designer. 

[0302] Next, a case where a change is made to the harness design data A of the display mode shown in FIG. 54 is 
described. For example, in the case that the length and path shape (induding a twisted degree) of a section between 
points P11 and P12 of the main part of the harness design data A are changed e.g. by an instruction inputted by the 
designer via the input device 1 4 as shown in FIG. 57, a correction preferably is automatically made by the corresponding 
processing of the computer main body 16 by moving the coordinates in the virtual 3D space of an end section of the 
harness design data A located more toward a corresponding end than the changed section when viewed from a ref- 
erence portion F according to a changed amount of the length and a changed content of the path shape without changing 
the 3D shape of this end section. This correction result preferably is immediately reflected on the display contents of 
the display device 11 and the stored contents of the storage device 15. 

[0303] Contents to be changed for the harness design data A include changes in the accessory data. For example, 
since the types of the assisting jigs on the assembling board to be used may differ depending on the types of the 
connectors, the accessory data C of a plurality of types of usable connectors are stored in correspondence with at 
least one type of assisting jig data E applicable for the accessory data C. Accordingly, if the designer changes the type 
of the accessory data C of the connector, an information on the assisting $g data E applicable for the accessory data 
C after such a change is read from the storage device 15 and displayed in a list format on the display device 1 1 . When 
the designer selects a desired assisting jig data E from this list, the old assisting jig data E having been used thus far 
Is replaced by the selected assisting jig data E, and this correction result is reflected on the displayed contents of the 
display device 11 and the stored content of the storage device 15. 

(0304J As a modification, when the designer changes the accessory data of the connector, the computer main body 
16 may automatically setect the assisting jig data E optimal for the accessory data C after such a change and replace 
the old assisting jig data E thereby. 

[0305] ^ the storage device 15 are stored a plurality of harness design data A which have a common data configu- 
ration (e.g. data configuration Z shown in FIG. 52) mutually compatible with each other and are related to each other. 
A basic harness design data A (eg, harness design data A of FIG. 53) developed in a plane, and a harness design 
data A (eg. harness design data A of FIG. 54) generated by the basic harness design data A in the virtual 3D space 
as deserted above and corresponding to a layout in a vehicle body are, for example, set as a plurality of harness 
design data A related to each other. If necessary, at least one harness design data A having a transitional shape created 
while the planar or 2D shape of the basic harness design data A is transitioned to the 3D shape of the latter harness 
design data A may also be set 

[0306] I* any one of the plurality of harness design data A is partly changed by an instruction e.g. inputted via the 
input device 14 as mentioned above, a section of this one harness design data A relating to a content of the change 
is automaticaily corrected* and the content of the change and a content of the automatic correction are automatically 
reflected on the other harness design data A related to this one harness design data A. 

[03071 Aspedffcexarnpieof such a corrects In the case that the harness design data of RG 53 and 

that of Fia 54 are related to each other, if the length between the points PI and « 

data A of FIG. 53 as shown in FIG. 55 by an instruction inputted via the input device 14, the harness design data A of 
FIG. 53 is automa&k&fly corrected accord such a change; the length of a section of the harness 

design data of FIG. 54 corresponding to the section between the points Pt and P2 is automaticaJly corrected by the 
same amount of change as that of the harness design data A of RG, 53 ; the coordinates of an end portion of the 
harness design data A located more toward a corresponding end than the changed section when viewed from the 
reference portion F are automatically corrected by being moved according to an amount of the change in the length 
without changing the 3D shape of this end section. 
[0308] Another specific example is such tfiat, in the case that the ac 

(protectors, etc), damps and the like attached to the harness design data A of FIG. 53 is changed {the type of the 
accessory is crtanged, the rrx^ added or deleted, etc.)by an instruction inputted 

via the input device 14, the content of such a change is automatically reflected on the related harness destan data A 
ofFIG.54. 

[03091 As desenbed above, according to this embodiment, when the designer partly changes the harness design 
data A e.g. via the input device 14 (eg. the length or path shape of the section is changed), a correction is automatically 
made, for example, by moving the coordinates according to the content of such a change for the corresponding sedions 
of the harness design data A and the board design data D which are related to the content of the change of the changed 
section, and the correction results are automatically immediately refleded on the display contents of the display device 
11 and the stored contents of the storage device 15. Thus, it is not necessary for the designer to correct all the data 
related to the content of the change via the input device 14, and the forms of the harness design data and the like A 
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after the change can be Immediately confirmed. As a result, the wiring harness can be more efficiently designed. 
[0310] Further, if any one of the plurality of harness design data A related to each other is partly changed by an 
Instruction inputted via the input device 14, a section of this one harness design data A corresponding to the content 
of the change is automatically corrected, and the content of the change made in this one harness design data A is also 
automatically reflected on the other harness design data A related to this one harness design data A. Thus, the plurality 
of related harness design data A can be easily changed at once. 

[03111 Further, since the plurality of related harness design data A have the common data configuration, if any one 
of the harness design data A is partly changed by the designer, corresponding sections of the other harness design 
data A can be easily automatically changed and data administration such as data renewal (including corrections) and 
deletion can also be easily performed. 

[0312] Furthermore, since the main part of the harness design data A corresponding to the wire path is formed by 
connecting a plurality of wire segments 22 along the wire path, the length of a specific section of the main part or the 
wire path can be easily changed by increasing or decreasing the number of the joints in this specific section or increasing 
or decreasing the length of the joints in this specific section, and a deformation characteristic and the like of real wires 
can be realistically represented. 

[0313] Accordingly, when the designer partly changes the harness design data via the input means, the section of 
the harness design data related to the content of the change is automatically corrected and the correction result is 
automatically reflected on the display contents of the display means and the stored contents of the storage means. 
Thus, it is not necessary for the designer to correct aJI the data related to the content of the change, and the form of 
the harness design data after the change can be immediately confirmed. As a result, the wiring harness can be more 
efficiently designed. 

[0314] Further, when the harness design data is changed, the wiring harness designing system automatically corrects 
the sectfon of the harness design data and the secti content of the change. 

[0315] Moreover, if the length or path shape of the section of the harness design data is changed, a correction is 
automatically made by moving the coordinates in the virtual 3D space of the end section of the harness design data 
located more toward the corresponding end than the changed section when viewed from the reference portion of the 



of the path shape without changing the 3D shape of the end section. 
P»iq Thus, if the length or path shape of the section of the harness design data is changed, a correction is auto- 
matically made by moving the coortfinates in the virtual 3D space of the end section of the harness design data located 
more toward the correspontfing end than the changed section when viewed from the reference portion of the harness 
design data and the coordinates of the assisting jig data included in the board design data and corresponding to the 
end section of the harness design da^ length of the changed section of 

the changed content or the path shape. 

p»17| Further, if the accessory data included in the harness des^ 

in the board design data and related to the accessory data is automatically corrected. 

[OSiaj StiBftjrthen if any one of the plurality of related end stor^ 

made via the input means, the sei^ of this changed harness design data relate 

automatically correct^ 

reflected on the other harness design data related to the changed harness design data. Thus, the plurality of related 
harness design data cart be easily cha n ged at once. 
ffSOtn Fun^,siricethepiura% 

the harness design data is partly changed by the designer, the corasponding s 
datecan beeaary automatic 
deletion can also be easily performed 

[0320] Moreover, since the main part of the harness design data is formed by connecting a plurality of joints along 
the wire path, the length of a specific section of the main part or the wire path can be easily changed by Increasing or 
decreasing the number of the joirrts in m^ inthfe 
specific section. 

[0321] Reference is made to FIG. t and to the corresponding description for a block diagram of a wiring harness 
designing system to which a wiring harness designing method according to one preferred embodiment of the present 
invention is applied 

P»22) By using these hardware sources 11 to 16 in combination (the display devce 11 , the input means 14 (including 
the keyboard t2 am* the mouse 13), the storage 15 and the computer 1 6 including a CPU), the wiring harness designing 
method according to this embodiment can be realized Such a wi ring harness designing method is specified by the 
software program stored in the storage device 15 beforehand 
[0323] FIG. 58 is a flowchart showing a process of designing 
by the wiring harness designing method according to this embodiment 
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[0324] Similar to the process described with reference to FIG. 24, first, a client such as a car manufacturer or an 
appliance manufacturer written in Step S201 of FIG. 58 drafts a design drawing of a wiring harness divided according 
to the type of an object (automotive vehicle, electric appliance, etc.) and according to sections (Step S202). At a later 
stage, a wiring harness is designed for each type and for each section. This design drawing includes an information 
on the specifications of various parts such as electric circuits, wires and accessories. An Information output form of 
the design drawing to be drafted includes an electronic information of two-dimensional (2D) or 3D coordinates and a 
drawing printed as a plan based on the electronic information. 

[0325J Subsequently, in Step S203, the electronic information obtained in Step S202 is so converted as to have a 
data format suited to a computer software program called IHS (wiring harness production designing system). 
[0326] In Step S204, the wiring harness is designed on the computer by a skilled operator and a full-size production 
design drawing (full-size drawing) is drafted (Step S205). This full-size drawing is a simulation corresponding to the 
wiring harness on the assembling table shown in FIG. 8 and is, for example, a drawing in 2D coordinate system. This 
full-size drawing includes an information on circuits 1 1 each of which is one wire or an aggregate of a plurality of wires, 
an information of terminals such as connectors and ground terminals, an information on various accessories including 
protecting members or covering parts such as clamps, clips, tubes, taping and protectors, and an information on various 
drronsions and tolerances necessary for the production in a 2D space assuming the surface of the assembling table. 
[0327] In Step S208, a full-size drawing design data for the full-size drawing drafted in Step S205 is sampled. 
[0328] Here, the fulksize drawing design data includes an information on nodes through which the respective circuits 
pass (node information), an information on spans connecting the respective nodes (span information) and an informa- 
tion on accessories to be connected with some of the nodes (part information). 

[0329] Specifically, the node Information includes the numbers and coordinates of the respective nodes. 

[0330] The span Information includes the numbers of the nodes connected with each other, a diameter of the wiring 

harness, and the coordinates of passing points and bending points. 

[0331] The part information includes the numbers of the nodes with which the respective accessories are connected, 
an Information on the name of terminal parts or part codes, an Information on the types, specifications and mounting 
directions of the parts. 

[0332] Other pieces of Information included in the full-size drawing design data include a wire Information, a circuit 
construction information and a circuit processing information. 

[0333] In succeeding Steps S207 and S208, a 3D wire path data (3D design data) is generated using the wiring 
harness designing system of FIG. t based on these pieces of information. 

[0334] First, in Step S207, the wiring harness designing system receives a 2D full-size drawing design data obtained 

in Step S206 as a full-size drawing information. 

[0335] Then, in StepS208> the 3D design data is generated. 

[0336] Here,the3Ddesigndataisanetectro^ 

a wiring harness on a two-dimensional assembling board in the 3D space. 

[03371 Rrst, after cfimerisio^ 

positions of connectors are designed based on the above 2D electronic data (including the full-size information), a 2D 
drawing (ptan)of the wiring ham^ 

program such as a GAD, considering actual production of the wiring harness on the assembling board. 

[0338] Next, in tfie computer main body 16, a coon^ 

2D electronic data is added tathe2D etectiwifc data, arid the resuiti^ 

device 15. The 2D electronic cfata may be m 16 using the input devices 14. 

Alternative!* the 3D electronic o^p^neratedby another body 
1 6 via communication or a specffied storage rnedwrnsuchasamagnetfedtsk. 
[0339] Here, pieces of information to be iriputted as tfie 2D data iridiic^ 
to n20 for specifying the shape of the respecthre wires fc^ng the wm^ 

in FIG. 3, a wire link information on finks of the respective nodes nOI and n20, and an information on diameters r01 to 
ii4 of the wires linking the nodes nOt ton20. 

[0340] Further, in order to enable realistic oteformation of the respective wires of the wiring harness in a 3D design 
data deforming step to be described later, each wire 2t having a center axis 21a as shown in FIG. 4 is divided along 
its longitudinal direction Into a plurality of short wire segments (joints) 22 having a length V as shown in FIG. 5, and 
the leng#"a* of the respective are deformed 

with the wire segment 22 as a unit The length V is oesirabry about 10 mm. The respective^ 
equal or different The wires 21 having a length L are finely divided into a plurality of short wire segments 22. 
[0341] Further, a weight data of a plurality of wires forming the wiring harness is also inputted (as described later). 
This weighted is a parameter representing in the 3D design data 

deforming step to be described later. The larger the value of the weight data, the more difficult to move the wire when 
deforming it Further, for a deformation to curve the wire, as the value of the weight data increases, the wire is more 
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likely to be curved in its entirety instead of being deformed only at a point of deformation. Such a weight data is em- 
pirically obtained according to the diameters of the wires and other factors. 

[0342] 3D shape data of accessories (connectors 18 (see FIG. 3), clamps, and covering parts (such as protectors, 
vinyl tubes and corrugate tubes), etc.) to be mounted on the wiring harness are generated preferably beforehand, and 
are assigned to corresponding sections or elements or segments of a wire path after a main part of the 3D design data 
forming the wire path of the wiring harness is formed. In this way, the 3D design data is completed. 
[0343] As such a 3D design data is generated, preferably by use of a wire harness designing method or system as 
described with reference to FIGS. 1 to 8 and 52-57, the assembling board used to assemble the wiring harness cor- 
responding to the 3D design data is also designed using the wiring harness designing system. 
[0344] In Step S209, an investigation is made on an operation of designing the wiring harness assembling board 
and an operation of assembling (laying) the wiring harness based on the 3D design data of the wiring harness generated 
in Step S208 and 

[0345] the assembling board data. The investigation results are fed back to the client of Step S201 or the harness 
designing step of Step S204, and the wiring harness designing step is restudied and corrected. 
[0346] FIG. 59 is a flow chart showing a virtual harness laying operation according to the wiring harness designing 
method of this embodiment. 

[0347] In Step S411 , a reference layout data is inputted to the computer main body 16. 

[0348] Here, the reference layout data is an electronic data (3D electronic data) of a 3D layout of the wiring harness 
in a 3D space modeling the wire layout object For example, the 3D layout of the wiring harness is designed beforehand 
for a wire layout object such as an automotive vehicle or an electric appliance based on, e.g. the mount positions of 
various parts In the wire layout object; a coordinate information on the shape of the wiring harness in the 3D space at 
that time and a coordinate information of various parts to be mounted on the wiring harness are generated into a 3D 
electronic data as a 3D drawing using a design assisting software program such as a CAD; and this 3D electronic data 
is inputted to the computer main body 16 and stored in the storage device 15 (see FIG. 1). A CAD software program 
used here may be implemented on the same equipment as the computer main body 1 6 and the data on the shape of 
the wiring harness in this case may be manually inputted by means of the input devices 14. Alternatively, the 3D 
electronic data generated in the other CAD system may be transferred to the computer main body 1 6 via communication 
or a specified storage medium such as a magnetic disk. 

[0349] In Step S2Q2, the reference layout data inputted is plotted in a virtual 3D space to be three-dimensionally 
cfisptayed on the display device 11 . In this virtual 3D space, a virtual viewpoint can be changed, for example, in ac- 
cordance with an operation of the input device 14 such as the mouse 1 3. 

[0350] This reference layout data represents a background image when the 3D design data is displayed in a manner 
In order to distinguish this data from the 3D o^, the virtual 3D display o 
reference layout data is made, tor example, in achro ma tic color. 

[0351] Then, the 3D design data generated in Step S208 is displayed in trte 3D space white 
the reference layout data. 

P»5?lHen^ or the respective wire 

segments22of an aggregate of a plurality of wbes (wire btindte) am represented, fw 

as shown in RGS. 4 and 5V 

[03531 Specfficair* as shown in RaoYa^ 

alengmisdefDrtedfwao^of 

position and a twisting degree by specifying a dta*tionM 
x-a>ds,y-axisandz-axi^ 

centered on the axis of the wire) between this wire segmert and the other wire 
[0354] The data of the imlMdual wire segmente 

(continuous connection). Here, a method of continues connection is, as shown in FIG. 7, such that the coordinates of 



[0355] Trteerttire 3D design data is moved wi^ 

13 to ao^ust an overall positional relationship between the 3D design data and the reference layout data. Step S412 
is ended when the 3D design data is adjusted foositioneo} to a position 

[0356] In Step S413 (3D design data deforming step), the operator manually deforms the shape of the wire 21 rep- 
resented by the 3D design data using the input device 1 4 such as the mouse 13 so that this shape coincides with the 
image of the reference layout data displayed as a background image. 
[0357] It is not impossible to represent the tlew 

used 3D simulation system. However, because such an operation is quite cumbersome, the result of the operation 
may not necessarily reflect the operator's intention. 

[0358] Accordingly, in this wiring harness designing system, a processing can be performed to enable the represen- 
tation of a flexible characteristic as intended by the operator, which is similar to the processing described regarding 
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the 3D virtual assembling system and method with reference to FIG. 8. 

[0359] Often, the wiring harness is comprised of not only an aggregate of the wires, but various covering parts (e.g. 
vinyl tubes, corrugate tubes, various taping, etc.) 26 are also mounted around the wires 21 as shown in FIG 9. Accord- 
ingly, the shapes of these covering parts 26 need to be represented in association with the shape data of the wires 21 . 
[0360] As described above, in Step S41 3, the deformation results of the 3D design data of the wires 21 are displayed 
on the display device 11 while being superimposed on the image of the reference layout data displayed as a background 
image, and a degree of coincidence or a degree of discrepancy of the two images is visually confirmed. 
[0361] In Step S414, the compatibility of the reference layout data and the deformed 3D design data is preferably 
investigated based on the deformation result of the 3D design data and the displayed content in Step S41 3, and whether 
or not there Is any problem in the wire harness laying operation virtually performed in Step S413 is investigated. The 
investigation results are fed back to the client of Step S201 and the harness designing step of Step S204, and the 
wiring harness designing step is restudied and corrected. 

[0362] For example, if loosening of an image of the 3D design data with respect to an image 28 of the reference 
layout data as a background image Is considerably large as shown in FIG. 1 2, it means that this wire is excessively long 
[0363] Further, if a branch wire 29a of the 3D design data Is drawn out from base wires 28, 29 in a direction opposite 
from the one in which a branch wire 28a of the reference layout data as a background image is drawn as shown in 
FIG. 13, a design change is so made as to change a forming direction of the branch wire 29a with respect to the base 
wire 29. 

[0364] Other problems including excessively short lengths of the wires and excessive twists can also be easily con- 
firmed using the display result or content on the display device 11. 

[0365] In the wiring harness designing method according to this preferred embodiment a plurality of 3D design data 
having a common data configuration (having a data compatibility) and different 3D shapes are generated by three- 



on the display device and stored in the storage device 15 while being formed into the database, and any one of the 
plurality of stored 3D design data is selected and displayed in the virtual 3D space via the display device 11 
[0366] Specif ically, the basic 3D design data A' (see FIG. 60) of the wiring harness generated in Step S208 corre- 
sponds to a layout of the wiring harness on the assembling board (including the jigs), and is used to attain various 
improvements tor better productivity and quality of the wiring harness at the production of the wiring harness and to 
verily, for example, whether or not the assembling operation holds. Thus, as shown In FIG. 60, the 3D design data A* 
generated in Step S208 has a form developed in a plane in the virtual 3D space. In FIG. 60, identified by C1 to C5 are 
connectors. Although the 3D design data A' is displayed while being superimposed on an assembly board 31 in an 
example of FIG. 60, the display of the assembling board can be deleted depending on setting. 
[03671 On the other hand* a 3D design data (see FIG. 61) corresponding to a layout in a vehicle body which data 
is generated by trtree-dimens^ 
reference layout data is used to veffr* for exarrtpfc^ them 

(0368] These 3D design data AV BT have a common data configuration Z having a data compatibility, for example, 
as shown in Ra 62, are related toe 

The contents of the data configuration Z is briefly described with respect to the 3D design data A*. A data item HI 
indudes an irrformation on the numbers of the respective nodes provided at specified Intervals along the wire path of 
the 3D design data Amanda data ftem H2 beiow the data tern HI includes an information on the coordinates of the 
corresponding nodes in the virtual 3D space. 
[03691 DalaitemsratomOindudepiec^ 
tobeattacftedtothe 3D design 
item m indudes a span irrformatk^ 

of the accessory data; the data ftem H7 indudes an information on the coordinates of mounting origins as references 
for specifying the display positions of the accessory data in the virtual 3D space; and the data item H5 indudes an 
irrformation flrrformation on unft vectors for specifying a mounting method) for specifying a display direction when the 
accessory data is displayed in the virtual 3D space. Data Items H8 to H10 include pieces of information on how the 
accessory data is displayed (e.g. display designs and display colors). 

[0370] Data items Hit to H15 include pieces of information on the respective pieces of span information correspond- 
ing to the wire pam of tr» 3D des^ o^ AVTrie^ 

spans in the 3D design data (inducfi ng an irtformation on the corresponding node numbers) ; the data item H 1 2 i ncludes 
an information on the data addresses of the wire segments 22 (joints) of the respective spans; the data item H1 3 
includes an irrformation for specifying the display coordinates and display methods (directions) of the respective wire 
segments 22 in the virtual 3D space; the data item H14 includes an information on the diameters of the respective 
spans; and the data item H15 indudes an information on the length (interval) ~a" of the respective spans. A data item 
HI 6 includes an information on the drcufts formed by the respective spans. 

[03T1J Further, in this embocfiment, at least one (here, there) 3D design data E* having intermediate shapes (see 
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FIGS. 63(a) to 63(c)) created during a shape transitioning process of generating the 3D design data B* by deforming 
the 3D design data A' in Step S413 are suitably stored in the storage device 15 as process shape data representing 
the shape transitioning process according to an instruction inputted by the designer via the input device 14. These 3D 
design data of intermediate shapes have the data configuration Z common to the aforementioned 3D design data A\ 
B' and stored in the storage device 15 while being formed into a database. 

[0372] Here, the 3D design data A\ B*. P are formed into data files Z1 , Z2, ... for each data as shown in FIG. 64 and 
stored in the storage device 15 with identification data (here, Identification numbers of, e.g. No. 1 , No. 2, ...) affixed 
thereto. Since the respective 3D design data B\ Fare generated by three-dimensionaily deforming the basic 3D design 
data A', the data items H1 to H1 6 of the data configuration Z which have different data contents among the respective 
3D design data A 1 , B\ P are only those concerning the wire segments 22 (joints), the display positions of the parts and 
the like (coordinates) and the directions (e.g. H2, H5, H7, H13) In the virtual 3D space. 

[0373] If the identification numbers corresponding to the 3D design data A', B 1 , P to be displayed on the display 
device 11 are inputted via the input device 14, the 3D design data A\ B\ P corresponding thereto are read from the 
storage device 1 5 and preferably displayed in the virtual 3D space via the display device 11 . 
[0374] Thus, contents of the design can be investigated while easily switching the 3D design data A\ B\ P displayed 
on the display device 11 from one to another by inputting the identification numbers corresponding to the 3D desiqn 
data A\ B*, P desired to be displayed. 

[0375] Further, in this embodiment, the basic 3D design data A\ at least one 3D design data P having an intermediate 
shape, and the 3D design data B* representing the layout in the vehicle body are successively switched and displayed 
in the virtual 3D space via the display device 11 in an order corresponding to the shape transitioning process by inputting 
a specified instruction via the input device 14. A switching timing of the displays of the 3D design data A', B\ P can 
be preferably adjusted by an instruction inputted via the input device 14. 

[0376] Here, a method for setting the display positions when the 3D design data A 1 , B\ Pare displayed on the display 
device 1 1 is described. For example, in the case of the 3D design data A', a position indicated by an arrow D in FIG. 
60 is determined as data origin coonfirtates, and the 3D design data A 1 is so displayed as to be located at a specified 
reference position (for example, center position) within the virtual 3D space. In other words, the coordinate positions 
of the respective sections of the 3D design data A* are specified by relative coordinates with respect to the data origin 
coordinates as a reference point. Similarly, the data origin coordinates are set and the data is constructed and displayed 
with respect to the set data original coordinates in the case of the other 3D design data B* as well. 
[0377] Further, in this embodiment, if any one of a plurality of 3D design data A', B\ P is partly changed e.g. by an 
Instructkm inputted via the input device 14, a content of the change is automatically reflected on the others of the 
plurality of 3D o^g^ data related 

[09781 One specific example is as follows. If the length of a section of the 3D design data A' is changed by an 

instruction inputted via the input device 14, the lerigths 

thelertgtrM*arigedse^ 

the 3D design data A» by the processing of the computer niain 

accessory data of the connectors, covering parts (such as protectors), the clamps and the like attached to the 3D 

destgndata A* is changed (the type of the 

deleted, etc,) by an IristaJc^ 

the other 3D design data Bf r P. 

[03791 As descrfoedabov^ accord 

gerterated by ©^forming orteW 

wim the 3D design data AMn the storage devte 

of 3D design data AV B?„ P is selected and displayed in the virtual 3D space via the display device It. Thus, the 3D 
design data A\ B\ P displayed in the virtual 3D space can be easily switched to the other 3D design data A\ & p p. 
Therefore, the contents of the design can be inspected while switching the 3D design data A*, B\ P displayed in the 
virtual 3D space, thereby making the wiring harness designing operation and the like more efficient 
[0380] Particularly, the basic 3D design data AT developed in a plane is suitably used to attain various irnprovements 
for better productivity and quality of the wiring harness at the production of the wiring harness and to verify, for example, 
whether or not the assembling operation holds, and the 3D design data B* representing the layout in the vehicle body 
is suitably used to inspect the layout of the wiring in the vehicle body. Thus, the designing operation can be 

made even more efficient by making verifications and inspections while switching the 3D design data displayed in the 
virtual 3D space between the 
body. 

[03811 ff any one of the plurality of 3D design data A', Br, P which are stored while being related to each other is 
partly changed by an instruction Inputted via the input device 1 4, a content of the change made in the changed 3D 
design data is automatically reflected on the others of the 3D design data A\ B\ P related to the changed 3D design 
data Thus, the plurality of related 3D design data A\ B\ P can be easily changed at once. Therefore, how a partial 
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change made in one of the 3D design data A\ B\ F displayed on the display device 11 has changed (automatically 
changed) the others of the 3D design data A', B\ E can be easily conf irmed by switching the 3D design data A\ B\ E 1 
displayed on the display device 11 , and the contents of the designs of the 3D design data A\ B 1 , P can be more 
efficiently changed and investigated. 

[0382] Since the plurality of related 3D design data A\ ff, E* have the common data configuration, if any one of them 
is partly changed by the designer, the corresponding sections of the others of them can be easily automatically changed, 
and data administration such as renewal of data (including corrections) and deletion can be easily performed. 
[0383J Further, since the plurality of 3D design data B*, E* generated during the shape transitioning process of the 
3D design data A 1 are successively switched and displayed in the virtual 3D space via the display means in the order 
corresponding to the shape transitioning process, an operation of laying the wiring harness in the vehicle body can be 
inspected and demonstrated by means of the 3D design data A', B\ E* switchingly displayed in this order. 
[0384] Furthermore, since the main part of each 3D design data A\ B\ E* corresponding to the wire path is formed 
by connecting a plurality of wire segments 22 along the wire path, the length of a specific section of the main part or 
the wire path can be easily changed by increasing or decreasing the number of the joints in this specific section or 
increasing or decreasing the length of the joints In this specific section, and a deformation characteristic and the like 
of real wires can be realistically represented. 

[0385] Accordingly, a plurality of 3D design data of different 3D shapes generated by three-dimensionally deforming 
one kind of 3D design data of the wiring harness in the virtual 3D space are stored in the storage means while being 
formed Into the database, and any one of the plurality of 3D design data Is selected and displayed in the virtual 3D 
space via the display means. Thus, the 3D design data Displayed in the virtual 3D space can be easily switched to the 
other 3D design data Therefore, the contents of the design can be inspected while switching the 3D design data 
displayed in the virtual 3D space, thereby making the wiring harness designing operation and the like more efficient 
[0386] Further, if any one of the plurality of 3D design data which are stored while being related to each other is 
partly changed by an instruction inputted via the Input means, the content of the change made in the changed 3D 
design data is automatically reflected on the other 3D design data related to the changed 3D design data. Thus, the 
plurality of related 3D design data can be easily changed at once. Therefore, how a partial change made in one of the 
3D design data displayed on the display means has changed (automatically changed) the other 3D design data can 
be easily confirmed by switching the 3D design data displayed on the display means, and the contents of the designs 
of the 3D design data can be more efficiently changed and investigated. 

[0387] Further, since the plurality of related 3D design data have the common data configuration, if any one of them 
Ispartrycrtangedbythedi^ 

and data administration such as renewal of data (including corrections) and deletion can be easily performed. 
[0388] Moreover, the basic 3D design data devetoped irt a plane is suitabr^ 
better productivity and quality of tr» wiring harness at rj»pr^ 

whether or not the assembling operatfonhotos> and the ^design data representing the layout in the vehicle body is 

suitably used to inspect the layout of the wiring harness in the vehicle body. Thus, the designing operation can be 

maote even more effidem by m 

virtual 3D space between tr« 

[Q388] Further, sirce the pluraii*^ 

design data are successively switched and displayed in trie virtual 

spondtog to the shape transitioning process, an operation of laying the wiring harness In the vehicle body can be 
inspected ami demonstrated k^tte 
[0390] SMfurtoer,siriceto 

a plurality of joints along the wire path, tr»le!to^ of asp 

changed by increasing or decreasing the number of the joints in this specific section or increasing or decreasing the 
fen^h of the joints in this specie section. 

[03911 With reference to FIGS. 65 to 76, according to the wiring harness designing method of this further preferred 
embodiment,^ accessories 

as electrical connection boxes, etc.) are or can be virtually mounted on the wiring harness in the virtual 3D space using 
the harness design data A* and the accessory data F of the one or more accessories, and the contents of the designs 
of the wirirtg harness and the a operatton and the like can be investigated befe 

the wiring harness is actually produced. 
[0392] Rrst, as a preparatory step, the harne^ 

erated as described above with reference to the preceding embodiments, in particular the embodiment deserted with 
reference to FIGS. 1 to 13 and 58 to 64, using the wiring harness designing system or method or the harness design 
data A- (similar to the previously described harness design data A or basic 3D design data A 1 ) generated in an other 
system needs to be transferred to the wiring harness designing system. The accessory data F (see FIG. 66) which are 
3D design data of the accessories to be mounted on the wiring harness needs to be generated using the wiring harness 
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designing system or need to be transferred to the wiring harness designing system. Here, a virtual protector mounting 
process is described. In FIG. 65, identified by Ct to C5 are connector data which are 3D design data of the connectors. 
[0393] FIG. 67 Is a ftow chart showing a process of virtually mounting a protector on a wiring harness. First, in Step 
S501 of FIG. 67, by inputting an instruction to the computer main body 16 via the input device 14, the computer main 
body 16 is caused to display the harness design data A" set on the board design data D and an accessory data F1 of 
the protector in the virtual 3D space of the display device 11 as shown in FIG. 68, the connector data C3 is detached 
from an assisting jig data E5 so as to move a section of the harness design data A" which hinders the mounting of the 
protector, and the connector data C3 is moved in a direction (leftward in FIG. 68) away from a portion where the 
protector is to be mounted. Here, me 3D deformation of the harness design data A" (which can be preferably performed 
with a system or method as described with reference to the previous embodiment) and the movement of the accessory 
data F1 are made, for example, by dragging by means of the mouse 1 3. 

[0394] In Step S502, an instruction is inputted via the input device 14 to move the accessory data F1 in a direction 
toward the harness design data A* as shown by an arrow 31 in FIG. 68 and set it at a mount position on the harness 
design data A* as shown in FIG. 69. 

[0395] In Step S503, an Instruction is inputted via the input device 14 to detach the connector data C3, C5 from 
assisting Jig data E7, E8 as shown in FIG. 69. 

[0396] In Step S504, an instruction is inputted via the input device 14 to three-dimensionally deform the wire path at 
a protector mount portion of the harness design data A" and accommodate the protector mount portion of the harness 
design data A* in a wire accommodating portion (here, a groove-like accommodating recess) of the accessory data 
F1 as shown in FIGS. 70 and 71 . At this time, the harness design data A" is accommodated such that a center line of 
the wire overlaps a center Dne 35 of the accessory data F1 as shown in FIG. 71. 

[03971 In Step S505, an instruction is inputted via the input device 1 4 to close a cover 37 of the accessory data F1 
as shown in FIG. 7a 

[03981 In Step S5C6, an instruction is inputted via the input device 14 to perform virtual taping to fix the protector 
and the like. This virtual taping is performed by generating tape roll data 39 (see FIG. 73) representing a 3D shape of 
a tape rofl beforehand, displaying the tape roll data 39 in the virtual 3D space as shown in FIG. 73, turning the displayed 
tape roO data 39 around portions of the harness design data A - where taping should be done (here, around the opposite 
ends of the protector mwint portion) as shown by arrows 41. ^ 

step (e.g. any contact with an obstacle while the tape roil is turned) is or can be investigated. As this virtual taping is 
done, a taping data 43 corresponding to a taped portion is attached to each of the opposite ends of the protector mount 
portion of the harness design data A", whereupon the virtual protector mounting process is completed. 
[03991 Such a virtual protector mounting process enables investigations on the contents of the designs of the wiring 
harness and the protector, the protector mounting operation and the like, if a portion of the harness design data A* to 
be accommodated in the aaxsa^ data Ft of the protect 

being fully accommodated therein as a result of the virtual mounting process, marking or the like may be made on this 
bulging-out portion to be used when the contents of the designs are investigated again. 
[0400} Further, this embri^ 

forms in the respective scenes of the mounting process of attaching the ac 

A* as descrfoed above are stored scene by scene in the storage device 15, so that the harness design data A* and 

the accessory data Ft of each scene can be outputted for reproduction via the display device 1 1 . Such an output for 

reproduction is made in response to an instruction inputted via the input device t4. The stored harness design data 

A*andtheaccessi>rydalaFtcrfther^ 

in an order conforming to the process of attaching the accessor 

PMOIJ Thehamessctesignc^A'amttheaccessor^ 

by inputting an tnstroct^ 

Ft of the scenes shown in FIGS. 68 to 73 are stored. A display switching timing during the output for reproduction of 
the harness design data A* and the accessory data Ft of the respective s 
inputted via the input device 14. 

[0402] Further, in this embodiment, the computer main body 1 6 is caused to detect an interference of the accessory 
data Ft and the Bke with a pre-registered structure data (e.g. the assisting jig data E) which can be an obstacle to the 
attachment of the accessory data Ft and the like in the above virtual protector mounting process. Upon detecting such 
an interference, the computer main body 1 6 is caused to output a notification. The interference of which object present 
In the virtual 3D space is automatically detected can be set by an instruction inputted via the input device 14. Here, 
the interference of the accessory data Ft of the protector 33 as a preferred accessory and the assisting jig data E and 
the interference of the tape roll data 39 and the assisting jig data E are, for example, detected and notified by the 
computer main body 16. 

[0403] The notification made upon the detection of the interference is made, for example, by a display output via the 
display device 11 and/or a sound output via an unillustrated loudspeaker. As a specific example of the display output, 
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a method for changing a displaying state of the display device 11 upon an occurrence of an interference (e.g. at least 
some of the display colors on the screen are temporarily changed) or a method for displaying a message indicating 
an occurrence of the interference can be considered. 

[0404] Further, in this embodiment, the computer main body 1 6 can set one or a plurality of constraint points fixed 
5 at position(s) on the harness design data A" in the virtual 3D space upon an Instruction inputted thereto via the Input 
device 14. For example, in the case of the harness design data A" of such a form to be laid in a vehicie body shown 
in FIG. 74, points (e.g. connectors C1 to C5 and fixing portions realized by damps) of the harness design data A" to 
be fixed to or connected with the vehicie body are set as constraint points. 

[0405] in the case that a section (e.g. section 51 in FIG. 74) of the harness design data A" is moved in the virtual 3D 
10 space such that a distance between this section (51 ) and a constraint point (e.g. connector C4) in the virtual 3D space 
becomes longer than the length of the wire along the wire path between the section (51 ) and the constraint point (C4) 
(e.g. moved in a direction indicated by an arrow 52 in FIG. 74) in response to an instruction inputted to the computer 
main body 1 6 via the input device 14, the computer main body 1 6 is caused to create a lacking portion 53 in the wire 
path between the section (51) and the constraint point (C4) and preferably display an image representing the lacking 
15 portion 53 (here, the wire path corresponding to the lacking portion is displayed in phantom line) via the display device 
11 as shown in FIG. 75. 

[04061 Further, in the case that the length of the wire path between the constraint points (e.g. connector C1 and 
connector C4) of the harness design data A - in the virtual 3D space is so changed as to be shorter than a distance 
between these two constraint points in the virtual 3D space in response to an instruction inputted to the computer main 

20 body 16 via the input device 14, the computer main body 1 6 is also caused to create a lacking portion (53) in the wire 
path between the two constraint points and display an image representing the lacking portion via the display device 1 1 . 
[04071 Although the process of virtually mounting the protector on the wiring harness is described above, the wiring 
harness designing method according to this embodiment may be applied to a process of virtually mounting an other 
accessory. For example, connection of the wiring harness and an electrical connection box may be simulated. In such 

25 a case, an accessory data F2 (see FIG. 76) which is a 3D design data of an electrical connection box as a further 
preferred accessory needs to be generated and stored in the storage device 15 beforehand. During the simulation, 
the computer main body 1 6 is caused to read the accessory data F1 from the storage device 1 5, display the accessory 
data F2 and the harness design data A* in the virtual 3D space of the display device 1 1 and connect the accessory 
data F2 and the harness design data A* in response to an instruction inputted via the input device 14. 

so [0408) The above connection is made, for example as shown in FIG. 66, by locating the harness design data A" and 
the accessory data F2 at specified positions in the virtual 3D space where these two data can be connected, and 
successively moving the respective connector data (here, connector data C11 to C1 6) of the harness design data A" 
by dragging by means of the mouse 13 to be inserted into corresponding connecting portions G1 to G6 of the accessory 
dataFZ 

35 [04091 As described above, accorcfing to this embodiment, the process of mounting the one or more accessories on 
the wiring harness can be virtually simulated in the virtual 3D space using the harness design data A* of the wiring 
harness and the accessory data F of the accessories (covering parts such as protectors and covering tubes, electrical 
connection means such as electrical connection boxes, etc), and the simulation result can be immediately reflected 
on the contents of the design of the wiring harness and the like. As a result, the wiring harness designing operation 

<o and the (ike can be made more efficient 

PVW01 Further, a plurality of harness design data A* and accessory data F having different forms in the respective 
scenes of the process of attaching the accessory data F to the harness design data A* in the virtual 3D space are 
successive* displayed w 

of mounting the accessories on the wiring harness can be inspected and demonstrated by the harness design data 
45 A* and the accessory date F switching attachirtg process in this order 

[0411] Furthermore, if the accessory data F interferes with the structure data (such as the assisting jig data E) which 
becomes an obstacle when the accessory data F is attached to the harness design data A" in the virtual 3D space, 
such an interference is automatically detected and notified by the wiring harness designing system. Thus, the obstacles 
and the like that hinder the mounting of the accessories on the wiring harness can be easily found out by the simulation 
so and can be dealt with in advance. 

[04121 Further, a section of the harness design data A" is moved in the virtual 3D space such that the distance 
between this section and the constraint point of the harness design data A" in the virtual 3D space becomes longer 
than the length of the wire path between this section and the constraint point, the lacking portion representing an 
insufficient length of the wire path between that section and the constraint point is image-displayed as a notification. 
55 Thus, the sections of the harness design date A" having insufficient lengths can be easily (automatically) confirmed or 
detected. 

[04131 Furthermore, if the length of the wire path between the constraint points of the harness design data A" in the 
virtual 3D space is so changed as to be shorter than the distance between the constraint points in the virtual 3D space, 
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the lacking portion representing an insufficient length of the wire path between these constraint points is image-dis- 
played as a notification. Thus, the sections of the harness design data A" having insufficient lengths can be easily 
confirmed. 

[0414] Further, since a main part of the harness design data A" representing the wire path is formed by connecting 
5 a plurality of wire segments (joints) 22 along the wire path, the curved shape and the curving characteristic of the wires 
can be realistically represented. 

[0415] Accordingly, the process of mounting the accessories on the wiring harness can be virtually simulated in the 
virtual 3D space of the computer using the harness design data of the wiring harness and the accessory data of the 
accessories, and the simulation result can be immediately reflected on the contents of the design of the wiring harness. 
10 As a result, the operation of designing the wiring harness and the like can be made more efficient 

[0416] Further, the process of mounting the covering parts on the wiring harness can be easily simulated in the 
computer. 

[0417] Moreover, the process of connecting the electrical connection means with the wiring harness can be easily 
simulated in the computer. 

15 [0418J Still further, a plurality of harness design data and accessory data having different forms which are created 
during the process of attaching the accessory data to the harness design data in the virtual 3D space are successively 
displayed on the display device in the order conforming to the attaching process. Thus, an operation of mounting the 
accessories on the wiring harness can be inspected and demonstrated by the harness design data and the accessory 
data swltchirrgly displayed at the respective stages of the attaching process in this order. 

20 [0419] Furtherrnore, if the accessory data interferes with the structure data which becornes an obstacle when the 
accessory data is attached to the harness design data in the virtual 3D space, such an interference is automatically 
detected and notified by the computer. Thus, the obstacles and the like that hinder the mounting of the accessories 
on the wiring harness can be easily found out by the simulation and can be dealt with in advance. 
[0420] Moreover, if the section of the harness design data is moved in the virtual 3D space such that the distance 

25 between this section and the constraint point of the harness design data in the virtual 3D space becomes longer than 
the length of the wire path between this section and the constraint point, the lacking portion representing an insufficient 
length of the wire path between that section and the constraint point is image-displayed as a notification. Thus, the 
sections of the harness design data having insufficient lengths can be easily confirmed. 

[0421] Furthermore, the length of the wire path between the constraint points of the harness design data in the 
so virtual 3D space is so changed as to be shorter than the cfistance between the constraint points in the virtual 3D space, 
the lacking portion representing an insufficient length of the wire path between these constraint points is image-dis- 
played as a notification. Thus, the sections of the harness design data having insufficient lengths can be easily con- 
firrnedL 
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Claims 

1 . A 3D virtual assembling method tor displaying a 3D design data of a wiring harness In a virtual 3D space displayed 
on a display means (11) by means of a control means (16) based on a data inputted by a data input means (14), 
comprising: 

a data inputting step (S1 ) of inputting the shape of the wiring harness (3) in the form of a reference layout data 
(28) representing a 3D layout of the wiring harness (3) in a specified wire layout object by means of the data 
input means (14), and inputting the 3D design data (29) representing a 3D layout of a wiring harness (3) 
designed for production by the data input means (14), 

a reference layout data image displaying step (S2) of displaying an image represented by the reference layout 
data (28) as a background image in the virtual 3D space, 

a 3D design data displaying step (S3) of displaying the 3D design data (29) while superimposing it on the 
background image, and 

a 3D design data deforming step (S4; S5) of displaying the shape of the wiring harness (3) represented by 
the 3D design data (29) while changing ft according to an input made by the data input means (14). 

2* A 3D virtual assembling method according to claim 1 , wherein the 3D design data is generated by adding coordi- 
nates of a normal direction to a primary plane of a assembling board (1) used during the production of the wiring 
harness to a 2D data which is a 2D representation along the primary plane. 

3. A 3D virtual assembling method according to one or more of the preceding claims, wherein the 3D design data 
(29) is at least partly divided Into a plurality erf wire segments (22) and includes at least a vector information (S) 
on the coordinates of the respective wire segments (22). 

4. A 3D virtual assembling method according to claim 3, wherein, upon changing the shape of the wiring harness (3), 
the vector information (S) of each concerned wire segment (22) is changed assuming that center axes (21 a) of 
the adjacent wire segments (22) are substantially continuous. 

5. A 3D virtual assembling method according to claim 3 or 4, wherein a data on a phase difference (0; $) to the 
adjacent wire segments (22b) is given to each wire segment (22a). 

* A 3D virtual assembffng method according to one or more of the preceding daims, wherein a surface line, which 
preferably is a straight Brie substantially in parallel wim^ 

fererrtia* surface of the wiring harness (3) before changing the shape of the wiring harness (3), and the surface 
line is displayed on the display means (tt) while being twisted (FIG. 10; It) according to a twisted angle of the 
wiring harness (3). 

7. A 3D virtual assembling method according to any one of daims 3 to 5, wherein. In the case that part of the wiring 
harness (3) is covered by an covering part (26). a 3D design data of the covering part (26) is 
correspond in g wire segments ^ instead of the 3D design data <tf the wires 

a A 3D virtual assernbling 

of the preceding claims, comprising the steps of: 

an input means (t4) for receiving an input, 

at least ternporaray storing a harness design data (A) which ^ 

harness (3) in a storage means (15), and 

displaying the harness design data (A) stored in the storage means (15) in a virtual 3D space on a display 
means (tt) and, if the harness design data (A) is partly changed by an input made via the input means (14), 
correctinga section of the harness design data (A) related to a content of the change and reflecting a correction 
result on display contents of the display means (11) and stored contents of the storage means (15). 

9. A method according to daJm 8, further comprising the step of: 

storing a board design data (D) which is a 3D design data of an assembling board (1) corresponding to the 
harness design data (A) in the storage means (15), 
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wherein the harness design data (A) and the board design data (D) are displayed in the virtual 3D space 
while setting the harness design data (A) on the board design data (D) and, if the harness design data (A) is partly 
changed by an input made via the input means (14), corrects a section of the harness design data (A) and/or a 
section of the board design data (D) related to a content of the change and reflects correction results on the display 
contents of the display means (11) and the stored contents of the storage means (15). 

10. A method according to claim 9, wherein the board design data (D) Includes an assisting jig data (E) corresponding 
to assisting jigs (2) for holding the wiring harness (3) on the assembling board (1), and 

if the length or path shape of a section of the harness design data (A) is changed, a correction Is made by 
moving the coordinates in the virtual 3D space of an end section of the harness design data (A) located more 
toward a corresponding end than the changed section when viewed from a reference portion as a reference of the 
harness design data (A) and the coordinates of the assisting jig data (E) included in the board design data (D) and 
corresponding to the end section of the harness design data (A) according to an amount of the change in the length 
of the changed section and/or according to a changed content of the path shape. 

11. A computer program product comprising a computer readable medium, having thereon computer program code 
means, when said program is loaded, to make the computer execute a 3D virtual assembling method according 
to one or more of the preceding claims. 

12. A computer-readable storage medium storing thereon a computer program, which comprises computer-readable 
program means for causing a computer to control an execution of a wiring harness designing method according 
to one or more of the preceding claims 1 to 10. 

13. A 3D virtual assembling system for displaying a 3D design data of a wiring harness in a virtual 3D space on a 
display means (11) by means of a control means (1 6) based on a data inputted by a data input means (14), wherein: 

a) the data input means (14) is adapted to input 

- a data representing the shape of the wiring harness (3) in the form of a reference layout data (28) repre- 
senting a 3D layout of the wiring harness (3) in a specified wire layout object, and 

- a 3D design data (29) representing a 3D layout of a wiring harness (3) designed for production, 

b) the display means (11) is caused by the control means (16) to display 

~ a reference teyout data image being an image represented by the reference layout data (28) as a back- 
ground image in the virtual 3D space, 

- the 3D design data (29) while superimposing it on the background irmge, and 

- the shape of the wiring harness represerrted by the 3D design data 
to an friput made by the data input means (14). 

14w A 3D virtual assembOng system according to claim 13> wherein the 3D design data (29) is at least partly divided 
into a plurality of wire segments (22) and induces at least a vector information (S) on the coordinates of the 
s (22)l 



15. A 3D virtual assembling system according to claim 14, wherein, upon changing the shape of the wiring harness 
(3), the vector information (S) of each concerned wire segment (?2) is chan 

of the adjacent wire segments (22) are substantially continuous. 

1 6. A wiring harness designing system, in particular according to one or more of the preceding claims 1 3 to 1 5, which 
is a 3D virtual assembOng system used in designing a wiring harness (3), comprising: 

an input means (14) for receiving an input, 

a storage means (15) for at least temporarily storing a harness design data (A) which is a 3D design data of 
at least part of the wiring harness (3), 
a display means (11), and 

a control means (16) for displaying the harness design data (A) stored in the storage means (15) in a virtual 
3D space displayed on the display means (11) and, if the harness design data (A) is partly changed by an 
input made via the input means (1 4), correcting a section of the harness design data (A) related to a content 
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of the change and reflecting a correction result on display contents of the display means (11) and stored 
contents of the storage means (15). 

17. A wiring harness designing system according to claim 1 6, wherein: 

the storage means (15) further stores a board design data (D) which is a 3D design data of an assembling 
board (1 ) corresponding to the harness design data (A), and 

the control means (16) displays the harness design data (A) and the board design data (D) in the virtual 3D 
space while setting the harness design data (A) on the board design data (D) and, if the harness design data 
(A) is partly changed by an input made via the input means (14), corrects a section of the harness design data 
(A) and/or a section of the board design data (D) related to a content of the change and reflects correction 
results on the display contents of the display means (11) and the stored contents of the storage means (15). 

18. Awiringhamesso^o^ingsystem 

of the harness design data (A) is changed, the control means (1 6) makes a correction by moving the coordinates 
in the virtual 3D space of an end section of the harness design data (A) located more toward a corresponding end 
than the changed section when viewed from a reference portion as a reference of the harness design data (A) 
according to an amount of the change in the length of the changed section and/or according to a changed content 
of the path shape without changing the 3D shape of the end section. 

19. A wiring harness designing system according to daim 17 or claim 18 and 17, wherein: 

the board design data (D) includes an assisting jig data (E) corresponding to assisting jigs (2) for holding the 
wiring harness (3) on the assembling board (1), and 

if the length or path shape of a section of the harness design data (A) is changed, the control means (16) 
makes a correction by moving the coordinates in the virtual 3D space of an end section of the harness design 
data (A) located more toward a corresponding end than the changed section when viewed from a reference 
portion as a reference of the harness design data (A) and the coordinates of the assisting jig data (E) included 
In the board design data (D) and corresponding to the end section of the harness design data (A) according 
to an amount of the change in the length of the changed section and/or according to a changed content of the 
path shape. 

20. A wiring harness designing system according to daim 1 9, wherein: 

the harness design data (A) Includes an accessory data (C) corresponding to accessories mounted on wires 
forming the wiring harness (3)> and 

if the accessory data (C) included in the harness designed (A) is chaitged, the 

the assisting jig data (E) included in the board design data (D) and related to the accessory data (C). 

21. A wiring harness designing system according to one or more of the preceding daims 1 6 to 20 r wherein: 

me storage means (15) stores a plurality of harness design data (A) having a common data configuration and 
related to each other, and 

if any one of the plurality of harness design o^ (A) stored in the storao^ 
input made via the input device, the corrtrxrf means (16) corrected 

(A) related to a content of the change, reflects a correction result on the display contents of the display means 
(11) and the stored contents of the storage means (15), and reflects the content of the change on the other 
(s) of the plurality of harness design data (A) related to the changed harness design data (A). 

22. A wiring harness designing system according to one or more of the preceding claims 16 to 21, wherein a main 
part of the harness design data (A) representing a wire path is formed by connecting a plurality of joints along the 
wire path. 

29. A wiring harness designing method for designing a wiring harness (3) using a wiring harness designing system 
r^rovided wfth an input means (14), a storage means (15) and a display means (11), comprising the steps of: 

thrce-dimensionally deforming a 3D design data (A 9 ) of a wiring harness (3) displayed in the a virtual 3D space 
displayed by the display means (11) by inputting an instruction via the input means (14), thereby generating 
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a plurality of 3D design data (A 1 ) of different 3D shapes, 

at least temporarily storing the generated plurality of 3D design data (A 1 ) in the storage means (15) while 
forming them into a database, and 

selecting any one of the plurality of 3D design data (A') stored in the storage means (15) by an instruction 
inputted via the input means (14) and displaying the same in the virtual 3D space via the display means (11 ). 

24. A wiring harness designing method according to claim 23, wherein: 

the plurality of 3D design data (A') stored in the storage means (15) have a common data configuration (Z) 
and are related to each other, and 

if any one of the plurality of 3D design data (A') stored in the storage means (15) is partly changed by an 
instruction inputted via the input means (14), a content of the change made in the changed 3D design data 
(A 1 ) is reflected on the other 3D design data (A 1 ) related to the changed 3D design data (A"). 

25. A wiring harness designing method according to claims 23 or 24, wherein the plurality of 3D design data (A 1 ) at 
least temporarily stored in the storage means (15) include: 

a basic 3D design data (A 1 ) developed in a plane in the virtual 3D space so as to conform to a form of the 
wiring harness set on an assembling board, and 

a 3D design (tela (BT) representing a layout of the wiring harness (3) in a vehicle body which data is generated 
by three-dimensionaJly deforming the basic 3D design data (A 1 ) in the virtual 3D space and is three-dimen- 
sk>naJ)y deformed in the virtual 3D space so as to conform to a form of the win ng harness laid in the vehicle body. 

26. A wiring harness designing method according to claim 25, wherein: 

the plurality of 3D design data (A 1 ) stored in the storage means (15) further include at least one 3D design 
data (E) of an intermediate shape created during a shape transitioning process when the 3D design data {&) 
representing the layout in the vehicle body is generated by deforming the basic 3D design data (A 1 ), and 
the basic 3D design data (A 1 ), the at least one 3D data (E) of the intermediate shape and the 3D design data 
(B) representing the layout in the vehicle body are successively switched and displayed in the virtual 3D space 
via the display means (11) in an order corresponding to the shape transitioning process. 

27 . A wiring harness designing method according to one or more of the preceding claims 23 to 26, wherein a main 
part erf tr» 3D ctesig/t data (A^re^ 

path. 

28. A cornpirter-readable storage me^ 

program means- for causing a computer to control an execution of a wiring harness designing method according 
to one or more of the preceding claims 23 to 27. 

». A computer program product comprising a computer readable medium, having thereon computer program code 
rTiear^ when said programs load 
to one or more of the preceding dajms 23 to 27. 

30. A wiring harness designing system for designing a wiring harness (3) having an input means (14), a storage means 
(15), a display means (tl) and a control means (1 6% 
wherein the control means (16) causes 

• the display means (tt) to display three^menskmaJly deforming a 3D design data (A*> of a wiring harness (3) 
displayed in the a virtual 3D space by inputting an instruction via the input means (14), thereby generating a 
plurality of 3D design data (A 1 ) of afferent 3D shapes, and 

• the storage means (1 5) to at least temporarily store the generated plurality of 3D design data (A 1 ) while forming 
them into a database, and 



wherein any one of the plurality of 3D design data (A 1 ) stored in the storage means (15) is selected by an 
tostruc^ inputted via the input means (1 4) and display! ng the same in the virtual 3D space via the display means 
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31. A wiring harness designing system according to claim 30, wherein: 

the plurality of 3D design data (A 1 ) stored in the storage means (15) have a common data configuration (Z) 
and are related to each other, and 

if any one of the plurality of 3D design data (A f ) stored in the storage means (15) is partly changed by an 
instruction inputted via the input means (14), a content of the change made in the changed 3D design data 
(A 1 ) is reflected on the other 3D design data (A 1 ) related to the changed 3D design data (A 1 ). 

32. A wiring harness designing system according to daim 30 or 31 , wherein the plurality of 3D design data (A*) at least 
temporarily stored in the storage means (15) include: 

a basic 3D design data (A 1 ) developed in a plane in the virtual 3D space so as to conform to a form of the 
wiring harness set on an assembling board, and 

a 3D design data (&) representing a layout of the wiring harness (3) in a vehicle body which data is generated 
by three-dimensionally deforming the basic 3D design data (A 1 ) in the virtual 3D space and is three-dimen- 
sforwlly defonried in ttm 
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